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PREFACE 


In educational circles at the present time, the view is widely 
held that the early stages of science courses in schools should 
be of a general character, in order that pupils should obtain a 
broad view of science as shown in its many and varied aspects 
in the world around them. Such courses are of particular value 
to pupils who do not intend afterwards to specialise in science, 
but who require a scientific background, so that they have an 
understanding of the everyday phenomena they continually 
encounter. Even for the specialist, a preliminary general 
course is a safeguard against a too narrow specialisation at any 
early stage. 

In the present work, I have attempted to present the subject 
of General Science in the order in which scientific knowledge 
has naturally tended to develop. At an early stage of civili- 
sation, men became interested in the sun, the moon, the tides 
and the passing of the seasons. It is only in recent years that 
they have come to study the constitution of their own bodies 
and minds. The general idea of this book has therefore been 
to start from man as an inhabitant of the earth (the first 
obvious fact of which he is aware) and then to pass through the 
various branches of science back to the physiology of man him- 
self. An attempt has been made to keep the subject a living 
whole, and the sequence is maintained between the various 
branches by the link from electrons to the chemical composition 
of matter and from the nitrogen cycle to living matter. 

It is possible that criticisms may be made of the proportions 
of subject matter dealing with the various sciences, but I have 
been guided not by the relative importance of the sciences but 
by the extent to which they contribute to man’s environment. 
Since this is the case, such topics as the heating and ventilation 
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of buildings are as important as the structure of flowering 
plaiite, because the average civilised man spends more time 
within four walls than he does in the fields and hedgerows. 

At the same time, much guidance and help has been derived 
from a provisional syllabus that has been considered by the 
Science Masters’ Association during the last few years. The 
syllabuses in General Science of the various examining bodies, 
Oxford, Cambridge, London, the Northern Universities and the 
Central Welsh Board, have also been given due consideration, 
and an attempt made to include their requirements in the com- 
pass of the book. The selection of examination questions at the 
end have been printed by kind permission of the various 
examining bodies concerned. 

Certain of the subject matter, in particular the chapters on 
Air, Water and Heating and Ventilation, have largely been 
taken from the section of Everyday Domestic Science, previously 
written by me. I should like to thank my collaborator in 
Everyday Domestic Science, Miss Taylor, for her kind permission 
to use figures 143, 187, and 246, which she specially prepared 
for that work. 

By the courtesy of Messrs. Macmillan & Co. Ltd., I have been 
able to use illustrations from several of their publications, 
among them being Stenhouse’s Introductory Biology , Brimble’s 
Everyday Botany, Hadley’s Everyday Physics, Partington’s 
Everyday Chemistry and Parsons’ Everyday Science. 

I welcome the opportunity of expressing my thanks to the 
authors for these figures, many of which originally appeared 
in the volumes mentioned. 

Throughout its preparation this book has had the super- 
vision and helpful criticism of* Sir Richard Gregory, and I most 
gratefully acknowledge his wise advice and encouragement. 

I. C. JOSLIN. 
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CHAPTER I 


THE EARTH AND THE SOLAR SYSTEM. GRAVI- 
TATIONAL ATTRACTION. TIDES. MASS AND 
WEIGHT. MEASUREMENT OF TIME 

Introduction* From the earliest times, people have looked 
at their surroundings on the earth, at the sun and the ^oon and 
stars in the sky overhead, and, like children of to-day, they have 
continually asked the question, Why ? Their attempts to 
answer such 44 Whys ” have led to the building up of a vast 
amount of knowledge about the world in which we live. Thus 
the curiosity of people about themselves, their surroundings, 
and the universe as a whole, has resulted in the growth of what 
we now call Science. At first, people were content merely to 
think about things, or to regard the gods as responsible for 
every event, and then the advance of knowledge was slow, but 
once men began to make definite measurements, to do actual 
experiments, and to think honestly and clearly about their 
observations, a mass of organised knowledge rapidly accumu- 
lated, and modern science had begun its amazing career. Year 
by year science changes and advances as men continue to 
measure, to experiment and to think, and year by year they 
find they have a greater understanding of their environment. 

The earth and the solar system* Naturally enough, an 
early source of wonder to dwellers on the earth was the moving 
sun, the changing moon and the myriads of stars. To them it 
seemed that the earth was the centre of the universe, and that 
these other heavenly bodies moved round it. Then a Polish 
astronomer, Cooernicus (1473-1543), published a book in which 

1 * 
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he suggested that the Earth and other planets revolved round 
the sun, while the stars were outside this Solar System altogether. 
When telescopes were invented and improved, it became pos- 
sible to verify this idea, and Galileo (1564-1642) and later astro- 
nomers proved it beyond question. 

To-day, we know the sun to be a vast mass of flaming, in- 
candescent gases, much hotter than the temperature of any 



Fig. 1. Comparative Sizes of the Sun and some of the Planets. 

furnace on the earth. The planets rotate round this central sun 
in almost circular paths, Mercury nearest to the sun, then 
Venus, the Earth, Mars, Jupiter, Saturn, Uranus, Neptune and 
finally Pluto, which was only discovered in 1930. They vary 
in size considerably ; Jupiter is the biggest ; Saturn, Uranus 
and Neptune also are all much bigger than the Earth, but the 
others are smaller (Fig. 1). The planets nearest the central sun 
move most quickly, and by our reckoning of time the Earth 
makes one complete revolution round the sun in one year, 




Neptune 
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Jupiter in nearly twelve years. In addition to motion along 
fhis circular path or orbit, the Earth rotates on its own axis 
once in twenty-four hours, so that the side of it facing the sun 
has daylight, and the side away from it, night. y 

The actual distances in the solar system are immense com- 
pared with the size of the sun and planets. The earth is 
93,000,000 miles away from the sun, whereas theTKstance all 
round the earth at the equator^is only 25,000 miles. If an 
electric lamp one foot in diameter, like those used for street 
lighting, is taken to represent the sun, then the earth would be 
represented by a minute speck of dust more than two miles 
away from it. 

Round most of the planets themselves, smaller satellites or 
moons revolve. Thus our moon revol ves roun d the earth at 
an averag e dis tance of 238,850 m iles ; Mars has two satellites, 
and Jupiter ten, while Saturn hasTen satellites and also three 
flat rings consisting of innumerable solid particles revolving 
round it. In addition to the planets and their satellites, a 
certain number of comets (Fig. 2) travel round thefsun in definite t 
orbits. These objects consist of luminous matter in an attenu- 
ated form, and they often show an extended part called the 
“ tail Shooting stfts are small pieces of matter which enter 
the earth’s atmosphere from outer space and become white-hot 
through friction with the air„ Generally they are completely 
vaporised before striking the earth, but if they are too large for 
this to happen the meteor may reach the earth as a lump of 
peculiar stony or metallic nature. When they reach the earth 
in this way they are called meteorites. 

The stars. The various planets of the solar system have no 
light of their own, and are only seen because the light of the 
sun is reflected from them. The myriads of actual stars, how- 
ever, are like our sun, and they emit their own light, so that they 
appear as bright points of light. These stars are at much 
greater distances than the bodies of the solar system. Thus if 
the rim of a halfpenny be taken to represent the path of the 
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earth around the sun, the nearest star would be at a point five 
miles away. So tremendous are the distance^jn space that it is 
usual to measure them in light-years, that is^the distance light, 
travelling at 186,000 miles a second , can travel in 1 year. The /a i 



Fig. 2. A Comet. 

(By permission of the Astronomer Royal.) 


Pole Star, round which the vault of the sky appears to turn, 
owing to the rotation of the earth, is 30 light-years away, while 
other stars are thousands or even tens of thousands of light- 
years away. Most of them appear to be concentrated in the 
direction of the Milky Way, and this suggests that the whole 
of our universe of stars is shaped like a flattened disc or wheel, 
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so that we can see more looking towards the rim (that is, in the 
direction of the Milky Way) than towards the flat sides. Our 
own sun is not at the centre of this wheel, but perhaps a third 
of the way from the centre towards the rim. 

The stars that appear brightest to us in this great Galactic 
Universe of stars are not always the ones that are nearest. 
Different stars vary very much in brightness ; some are thou- 
sands of times brighter than our $un, some thousands of times 
less bright and there is as much variety as between a glow-worm 
and a searchlight. Their sizes also vary considerably, and 
may be likened to the range of sizes from a speck of dust to 
a lighthouse, but so great is their distance away that even 
with a powerful telescope they only appear to be bright 
points of light. They can thus be distinguished from the 
planets, which do not twinkle like the stars, and are usually 
seen in telescopes as luminous discs. 

In early times men studied the stars, and saw in their arrange -* 
men t .suggestions of the outlines of familiar objects, or they 
associated them with their legends. So groups of constellations , 
came to be called by such names as the Great Bear, the Little 
Bear (the Pole Star forming the tip of its tail), the Serpent, 
Orion, Andromeda aryl so on. 

Nebulae. In the two last-named constellations? patch es of 
cloudy luminous material or nebulae can be seen with the naked 
eye, and with a telescope many more can be discovered. 
Nebulae are of two types ; the first, like that in Orion, is irre- 
gular in shape, and smoke-like in appearance. It consists of 
clouds of dust and luminous gas stretching from star to star. 
The second kind, like that in Andromeda (Fig. 3), is regular in 
shape and actually consists of a whole new universe of stars 
comparable to that already described in and around the Milky 
Way. Hence whole universes of stars like our own exist like 
floating star-empires far out in space, and the one in Andro- 
meda is 900,000 light-years away, or more than four times 
farther away than the most distant star of our universe. 
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J^g 6 Ihi Great Spiral Nebula in Andromeda 


Gravitational attraction. This latter nebula is spiral in 
shape, and it is thought to be a s} 4em in which stars aie being 
evolved To begin with, there was a mass of luminous vapour 
filling all space, and condensations of different parts of this 
would give rise to nebulae, each of which would have a whirling 
movement. Gradually the mass of gas cools and condenses and 
whirls still faster, so that parts of it become detached, but 
continue to rotate round the cential part. The detached parts 
condense still more, until a planetary system like our own solar 
system is formed. Sir Isaac Newton (1642-1727), a great English 
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scientist, first showed that the motion of the planets and the 
Aovements of all kinds of matter in space are due to the force 
of gravitational attraction* Thus the planets, after becoming 
detached from the sun, continue to move round it, because of 
the mutual attraction between them. Sir Isaac Newton is said 
to have wondered why an apple which he saw fall from a tree 
should move towards the earth ; it occurred to him that there 
must be a force attracting it ther&r-the gravitational force of 
the earth, and reasoning from this he was able to show that the 
moon moves around the earth because of the same force. The 
law o f gravitation discovered by him is that every mass attracts 
ever y other mass w ith a fpp ce which increases with their masses 
" but decreases with the square of their distan ce apart. This 
variation with distance means that if the distance fs doubled, 
the force is one-quarter ; if the distance is trebled the force is 
only one-ninth. 

In the same way as planets are thought to have been formed 
by masses whirling off the sun, so, as the planets condensed, 
pieces were whirled off them to form moons. These moons, 
continued to revolve round their parent planet under the 
influence of gravitational attraction just as the planets con- 
tinued round their parent sun. 

Tides* It has already been mentioned that the earth has one 
moon which revolves round it at an average distance of 238,850 
miles. The moon is much smaller than the earth and the 
distance all round it would only be one-quarter of that round 
the earth, ^)n ce in every 2ULdavs the moon rot ates once on 
its own axis, and also makes one complete revolutioi^jji_Jts 
' ^prbit roun d the earth. Since these two movements take place" 
in the same time, only one side of the moon is ever seen by us, 
and so the markings of the mountains and craters always look 
the same ; the face of the “ man in the moon ” does not alter 
(Fig. 4). 

This movement of the moon round the earth, and the gravi- 
tational attraction between them, causes the heaping-up of the 
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Fig. 4. The Moon. 

(By courtesy of the Royal Astronomical Society.) 


waters of the seas and the resultant effects of tides. The bulge 
in the water occurs under the moon and on opposite sides of 
the earth. As the earth rotates, a place moves towards the 
position in which the bulge is raised, and high tide then occurs 
at this place. After passing this position, the tide seems to fall 
or ebb. About twelve hours later the same place experiences a 
second high tide, because it is in a position where there is a bulge 
on the other side of the earth. 


B 


j.G.a. 
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^The sun is immensely more massive than the moon, and 
might be expected to have more effect on tides, but it is 400 
times farther away than the moon, and so its effect is only par- 
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Fig. 5. The Formation of Spring Tides. 

The combined gravitational pull of the sun and the moon 
are in the same direction. 


ticularly noticeable when the sun and moon are in line and their 
combined effect produces particularly high tides called spring 
tides (Fig. 5). At certain times their effects are opposed 
because their directions are at right angles to eagh other with 



Fig. 6. The Formation of Neap Tides. 

The gravitational pull of the moon acts in a direction at 
right angles to that of the sun. 


respect to the earth ; particularly low or neap tides then occur 
(Fig. 6). 

Mass and weight. The mass of an object is the quantity of 
matter it contains. This is not precisely the same thing as its 
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weight, because mass always remains unchanged, while weight 
depends on the force of gravitational attraction, which may 
vary. Thus the weight of an object is the force of attraction 
between it and the earth. It has already been seen that this 
force depends on the masses of the objects concerned and also 
on their distance apart. Consequently an object taken up in an 
aeroplane far away from the earth or down a mine nearer to its 
centre would have a less or a greater weight. The effect of the 
earth for gravitational attraction is as if its mass were concen- 
trated at its centre, so that even at different places on the 
earth’s surface which are at different distances from the centre 
(the earth is not a perfect sphere being flatter at the north 
pole and elevated at the south), the weight of an object may 
vary slightly. On the moon, which has a mass only one- 
sixth that of the earth, things would experience so much 
less attractive force that their weight would seem to be one- 


sixth of what it is on earth ; I 

anyone who could jump a . . 

, height of four feet on the earth ^ 
could jump twenty -four feet on 
the moon. F| 

A measurement of attractive IH 

force or weight can be made by - 

observations of the extensions t 

of a spring. I , « 

MpH- 

Kxpt. 1. Use of a spring to fjr 

measure weight* Suspend a 
spiral spring from a stand, fixing 
a needle through its lower end m 

to act as a pointer (Fig. 7). Hup- ‘ u ^ ■ Ii d s 

port a scale vertically by it so Fjfj Thk StI!ETC)UN(; oi , a 

that the pointer moves over the Spiral Spuing. 

graduations of the scale. Read 

the position of the pointer when the spring is not stretched. Add 
weights of 10, 20, 30... 100 grams and read the position of the 
pointer in each case. 
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Tabulate your results thus : 
f First position of pointer = cm. 


Weights 

suspended 

Scale 

readings 

Extension 

gm. 

cm. 

cm. 

10 



20 




Plot a graph of the extension in cm. and the weight in gm. 

Take any small object and find its weight by hanging it from 
the spring, observing the extension and then making use of the 
graph. 


A spring balance (Fig. 8) can be made by having a suitably 
graduated scale fixed to a spiral spring, and such an instrument 
is used to measure weight. If the weight 
varies, the extension of the spring w ill vary , 
also. In any given place on the earth's surface, 
however, the force acting on a body does not 
vary and is proportional to its mass ; thus a 
comparison of weights can be made by com- 
paring nfasses. The ordinary balance described 
in the next chapter is used for comparing the 
mass of an object with a standard mass, but 
for everyday purposes it is commonly said that 
this process is “ weighing ” an object or find- 
ing its “ weight ”. This confusion of terms is 
of little practical importance (it has just been 
seen that mass and weight are proportional in 
a given position) but in science it is often neces- 
sary to distinguish clearly between the two 
terms. Thus a spring balance is used to find the weight of 
objects, and an ordinary balance to compare masses. 


Fig. 8. A Spring 
Baulnce. 



TIME 


13 


The units of mass (or in everyday language “ weight ”) are 
the pound avoirdupois on the British system and the kilogram on 
the metric system. 

The Imperial standard pound avoirdupois is the mass of a 
piece of platinum weighed in vacuo at a temperature of 0° C. 
This standard is kept at the Board of Trade in London, but a 
copy of it is kept in the standards office of every city, and the 
weights used by tradesmen are tested by comparison with it. 
All weights and weighing machines are supposed to be tested 
before they are sold, and inspectors of weights and measures 
visit shops about once a year to check the accuracy of the 
instruments used for weighing. 

The kilogram is equivalent to about two and one-fifth British 
pounds and is determined by the fact that it is one thousand 
grams, the unit one gram having been taken as the weight of 
1 c.c. of water at a temperature of 4° C. 

Measurement of time. It has been seen that as the earth 
rotates on its axis, day and night alternate, and the time taken 
by the earth to make one complete rotation has come to be 
regarded as a twenty-four hour day. Actually there is a slight 
difference in its length according to whether the completion of 
the rotation is judged by reference to a star or the sun. To an 
observer in the British Isles, the sun or a star appears to rise 
on the eastern horizon, to get higher and higher in the sky, and 
then to sink towards the western horizon, where it sets. When 
it is at its highest point it is due south. It is then on a vertical 
plane passing through the North and South Poles of the earth, 
and this plane is called the meridian of the observer. A sidereal 
day is the time between two successive crossings or transits of 
a star across the meridian of the observer. This way of 
measuring time is useful for the astronomer, but for everyday 
use, time is reckoned from the sun. Thus a solar day is the 
time between two successive transits of the sun across the 
meridian of the observer. This varies slightly, because the 
earth does not travel along its orbit at a uniform rate and so 



14 


GENERAL SCIENCE 


the average or mean solar day is taken as the standard of time 
for use in ordinary life. 

On this latter standard the sidereal day is 23 hours 50 
minutes 4 seconds long, and the difference between the solar 
and the sidereal day is due to the fact that, between two 
transits of the sun, the earth has moved along its orbit 
and must complete an extra bit of rotation for the transit to 



7st. Position 2nd. Position 

of Earth of Earth 


Fig. 9. Diagram to snow why the Solar Day is longer 

THAN THE SlPEKEAL 1)AY. 

take place (Fig. 9). TJhe solar day is therefore longer than 
the sidereal. 

The mean solar day is divided up into 24 hours, 24 x 00 
minutes and 24 x GO x 00 seconds. The unit of time is the mean 
solar second . Clocks measure this mean solar time, but a sun- 
dial measures the varying solar time.Vdocks were invented as 
the result of experiments by Galileo on the time of swing of a 
pendulum, the idea for which came to him when he watched a 
lamp swinging in the cathedral at Pisa. 

Exft. 2. Time of swing of a simple pendulum* To a small 
lead ball, attach a long piece of strong thread. Make a vertical slit 
in a cork and slip the thread in the slit. Finally, fix the cork in a 
stand, so that the pendulum can swing freely in front of the bench. 
Mark a chalk line on the bench, so that transits of the pendulum 
across the fine can readily be observed (Fig. 10). Measure the 
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Fig. 10 A Simple Pendulum. 


length of the pendulum from the bottom of the cork to the centre of 
the bob. Use a watch with a seconds hand to take the time of 20 
vibrations (i.e. intervals between successive crossings over the chalk 
line). Alter the length of the pendulum and repeat. Tabulate 
results thus : 


Length 

Time of 

Time of 

Square of time 

20 vibrations 

1 vibration 

of vibration 

cm. 

secs. 

secs. 



Plot a graph of the length and time of vibration ; it should be a 
curve. On the same axes, plot also a graph of length and (time of 
vibration ) 2 . The latter should be a straight line because the quantities 
are proportional. 

Read from the graphs the length of the pendulum required for a 
time of vibration of 1 second. 

The experiment shows that the length of a simple pendulum is 
proportional to the square of the time of vibration . A pendulum 
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^rtilch is a little less than 100 cm., or 1 metre, long, swings once 
erery second, and so conveniently forms a seconds pendulum. 

escapement The len g th differs slightly, however, in 
different latitudes. At the equator the 
/ |; length is 99 cm., and in Great Britain 

at sea level 99.4 cm. 

Clocks. In everyday life, time is re- 
I corded by clicks and watches. A clock 

I contains a pendulum, generally much 

I shorter than a seconds one, and geared 

I by toothed wheels, so that correct time 

/ is kept. Some arrangement is needed 

f \ to keep the pendulum swinging ; there 

is therefore an escapement (Fig. 1 1), con- 

Fig. 11. The Escape- sisting of a crossbar with projections at 
ment of the Pendulum each end, which engage with the teeth 
of a Clock. G f a toothed wheel. The crossbar is fixed 

to the pendulum, and every time a tooth escapes from one of 
the projections, it gives it a slight push, which keeps the pendu- 
lum swinging. Thus the time of swing of the pendulum con- 
trols the rotation of the wheel. The impulse given to the 
pendulum, through th£ action of the escapement, is derived 
from a falling weight or spring which tends to turn the 
toothed wheel with which the escapement is engaged. 
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FORCE ON THE EARTH. CENTRE OF GRAVITY. 
SIMPLE MACHINES. WORK. FRICTION. EFFI- 
CIENCY. FORMS OF ENERGY 

FORCE 

Force on the earth. It has been seen that gravitational 
attraction is a force acting upon all objects on the earth, whether 
they are at rest or falling. But other forces as well can be 
exerted, and unless a thing has life, it remains at rest until a 
force acts on it. This inability of things to move or change 
their motion without the action of a force is called inertia. 
Thus a perambulator must be pushed in order to make it move ; 
once it is moving steadily force must again be exerted to alter 
its motion and stop it. Both these effects are due to its inertia. 
It seems, then, that the movement of objects in the world around 
us is the result of forces acting on them, and force may be de- 
fined as that which causes objects to move or to alter the motion 
they already possess. 

Sometimes there is more than one force acting on a body, and 
then its motion depends on all the forces. If two people each at a 
different corner of the same end of a table try to push the table 
in different directions, the table moves somewhere between the 
two, as if one force, having the same effect as the two, were 
moving it there. In other words, the direction of movement is 
a compromise between the separate directions of the two forces. 
Every force has magnitude and direction, and it is possible to 
represent forces by drawing lines of a certain length and direc- 
tion. 
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Expt. 3. Parallelogram of forces. Attach three strings to 
a^ing and pass two of them over pulleys fixed to a board (Fig. 12). 



To these strings attach 100 gm. and 75 
gm. weights. Then hang a 125 gm. 
weight from the bottom string and let 
the system come to rest. Place a piece 
of drawing paper against the board 
and mark the direction of the strings 
CA y CBy (JR. Along CA mark off 10 cm. 
(CE) to represent 100 gm., and along 
CB 7*5 cm. (CD) to represent 75 gm. 
Complete the parallelogram CDFE. Join 
OF and measure it. It should be found 
to be 12*5 cm. long (representing 125 
gm.) and be in the same direction as CR. 


(JR When two forces act on a body, 

Fig. 12. Experiment to the effect is as if there were one 
illustrate the Pakallelo- resultant force and the value of this 

gram of .Forces. given by the parallelogram of forces 

which states that if tv)o forces acting at a point be represented 
in magnitude and direction by two adjacent sides of* a parallelo- 
gram , the resultant of the forces is represented, by the diagonal of 
the parallelogram passing through the point. In the experiment 
CF represented the resultant, and the 125 gm. along CR was 
an equilibriant force, that is, one which was equal and opposite 
to the resultant and therefore balanced it. Since the force 


represented by CF has precisely the same effect as the forces 
represented by CE and CD, the latter are said to be the two 
components into which CF can be resolved. 

The aeroplane. Jt will be seen in the next chapter that an 
airship can fly, because it is lighter than air, but an aeroplane, 
is heavier, and yet the forces on it can act to lift it. The engine 
drives the propeller, so that the aeroplane travels quickly over 
the ground and a strong force of the w ind pressure acts at right 
angles to the main wings (Fig. 13). This force can be resolved 
into two components, one acting horizontally backwards, and 
one vertically upwards. The pull of the propeller forwards 
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Fig. 13. A Vickers “ Viking” Aeroplane. 

(By courtesy of Messrs. Vickers- Armstrongs, Ltd ) 


overcomes the former, and when the aeroplane is just about to 
leave the ground the vertical component must be just greater 
than the weight of the aeroplane, so that it can rise. These 
forces alone would tend to make it assume a vertical position, 
so, to prevent this happening, there is a small tail plane also, 
and the wind pressure on this has similar vertical and horizontal 
components which keep the tail of the aeroplane up. 

Centre of gravity. When a book is dropped, the force acting 
on it to make it move is that of gravity. Now a force generally 
acts at a certain point, and although gravity may be acting on 
all the particles of the book, it may seem to act particularly at 
one point. To test this, the book may be pushed to the edge of 
the table till it is just about to fall (Fig. 14) ; a line is then 
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drawn across its cover marking the position of the edge of the 
table. The book is then turned round and again pushed to the 

edge of the table and a second line 
is marked. These two lines inter- 
sect and if the finger tip is placed at 
the point the book will balance. 
It seems* as if it is possible to exert 
an upwaid force at that point com- 
pletely to neutralise all the down- 
ward force due to gravity. Such a 
point is called the centre of gravity 
of a body. The point was shown 
by the intersection of the two lines, 
because the book must begin to 



Fig. 14. The Book falls 

WHEN ONE-HALF OF IT 1'ltO- 
JEGTS BEYOND THE EDGE. 


fall when the force of gravity can 
act at this point beyond the edge of 
the table, and the jjoint of intersec- 
tion is the only one where this occurs 
for both lines. 

Expt. 4 . Centre of gravity of a 
piece of cardboard. T&ke an irregu- 
larly shaped piece of cardboard ; make 
a hole near its edge and suspend it by 
thread from a stand. Hang a plumb- 
line (the pendulum used in a previous 
experiment will do) so that the thread 
of it is close to the suspending thread. 
Draw a vertical line on the cardboard 
by means of the plumblinc. Turn the 
cardboard round and suspend it from 
another point, again drawing a vertical 
line on the cardboard (Fig. 15). The 
point where the two lines intersect is 
the centre of gravity. Test if it is 
correct by trying to 
board on a pencil 
at the centre of gra\ 




Fig. lf>. Method of find- 
ing the Centre of ( i ravity of 
an Irkegtjlar-shafed Piece 
Cardboard. 


fc * 10 * 1*0 
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Stability* The position of the centre of gravity of a body 
affects its stability. This may be shown by standing a block 
of wood on a board with a plumb- 
line affixed to the centre of one 
face and gradually raising the 
board till the block topples over 
(Fig. 16). The centre of gravity 
is right in the middle of the 
block, but the plumbline is par- 
allel to a vertical line through OVER 0 ^ U ” BL ™ E 

the centre of gravity and when 

this line falls outside the base the block topples over. 

A famous tower at Pisa, known as the Leaning Tower, has 
remained standing for centuries because still the vertical line 


Fig. 17. Some Flower Vases are more stable than others. 

through the centre of gravity falls inside the base. A flower 
vase with a large or heavy base has a low centre of gravity and 
is less likely to fall over than one with a wide and heavy top 
(Fig. 17). 





SIMPLE MACHINES 

Simple machines* In order to exert force on the earth, and 
make things move easily, machines have been invented. A 
simple machine is an instrument by which force exerted at a 
certain point and in a certain direction is made available at 
another point and in another direction* For example, a person 
exerts force on the handles "of a pair of scissors, but the useful 
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effect of that force is seen by the action of the blades on the 
material. 

The force applied to a machine by the person using it is called 
the effort, and the resistance that has to be overcome by the 
machine, the load. Obviously, the most effective machine is 
one in which a big load is overcome by a small effort. Perhaps 
the lid of a packing case is nailed on so that a force of 10 lb. 
is required to raise it. By using a crowbar, a man may exert an 
effort of only 1 lb. on the handle and yet overcome the 10 lb. 
resistance. The crowbar is a simple machine, and since by 
means of it an effort of 1 lb. overcame a load of 10 lb., it is said 
to have a mechanical advantage of 10. Thus : 

load 

mechanical advantage 

effort 

The effectiveness of certain types of simple machine, the lever, 
the winch and the pulley, may be investigated by considering 
their mechanical advantage. 

The lever. The lever is a rigid rod w hich is free to^turn about 
a point called the fulcrum. A very simple example is that of a 
see-saw, when a child at one end of the plank raises a child at 
the other end by making the plank turn about a tree trunk. In 
this case, the weight of the first child represents the effort, that 
of the second, the load, and the point wdiere the tree trunk 
supports the plank, the fulcrum. It is possible for load, effort 
and fulcrum to be arranged in ways other than this : load and 
effort may both be on the same side of the fulcrum. 

For experimental purposes, a simple lever may be made by 
gripping a metre ruler in a bull-dog clip, and passing a knitting 
needle through the holes, the needle then being supported in a 
horizontal position. 

Exit. 5. Mechanical advantage of a simple lever. Suspend 
a metre ruler by means of a bull-dog clip and a knitting needle ; if 
necessary move the clip along so that the ruler hangs freely exactly 
in a horizontal position. Weigh a scale pan on a spring balance 
marked in grams ; place a 100 gm. weight in it as load, and suspend 
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it at a short distance from the middle of the clip (that is, the ful- 
crum). Hang another scale pan of known weight close to the end 
of the lever on the other side of the fulcrum and place weights in it 
until the load is just raised and the ruler balances horizontally again 
(Fig. 18). Obtain more readings, varying the distance of the load 



Fig. 18. A Simple Lever arranged with Load and Effort on 

OPPOSITE SIDES OF THE FliLORUM. 

from the fulcrum, but keeping the effort on the same position. Note 
that the load and effort must include the weight of the respective 
scale pans. Tabulate results thus : 

Distance of effort from fulcrum = cm. 


Load 

Distance of load 
from fulcrum 

Effort 

Mechanical 

advantage 

gUl. 

cm. 

gm. 



Expt. ff. The law of the lever. Use the same apparatus, but 
vary the load and the distance of the effort from the fulcrum. In 
every case, note the weights used, and the distances from the fulcrum. 
Readings can be obtained with the load and effort on the same side 
of the fulcrum if the lever is raised to a horizontal position by means 
of a spring balance ; the reading of the spring balance measures the 
effort. Tabulate thus : 


Load | 

Distance of 
load from 
fulcrum 

Load x 
distance 

Effort 

Distance of 
effort; from 
fulcrum 

Effort x 
distance 

gm. 

cm. 


gm. 

cm. 
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The principle of the lever. When a given load is placed at 
different distances from the fulcrum, the farther it is from the 
fulcrum the less is the mechanical advantage ; in fact, if the 
load is farther away than the effort, the mechanical advantage 
may be less than 1. We use this fact unconsciously when we 
place material to be cut close to the fulcrum, that is, the screw, 
joining the blades of the scissors, rather than at their points. 
There is, moreover, some definite connection between the values 
of the load and effort and their distances from the fulcrum. 
Experiment shows that the relation is : 

, , distance of load ^ distance of effort 

load x „ „ , = effort x „ 

from fulcrum from fulcrum 

This is the principle of the lever. The explanation of the in- 
creased mechanical advantage when the load is near the fulcrum 



Fig. 19. A Student’s Balance fob weighing things very 

ACCURATELY. 

is now obvious ; if the effort is at a much greater distance than 
the load, the value of the effort need only be small for the two 
products to be equal. 

In the special case when the two distances are equal, the load 
and effort must be equal for the lever exactly to balance ; this 
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arrangement forms the balance used for weighing (Fig. 19). If 
the arms of the balance are of equal length, the known ma&s 
placed in one pan must be equal to the unknown mass in the 
other. 

Simple levers in the home. In Fig. 20 are seen some every- 
day appliances consisting of one or more simple levers. In some 



E 




Fig. 20 . Household Appliances which are Simple Levers. 


of them, such as the scissors and the crowbar, the load and effort 
are on opposite sides of the fulcrum, while in others, the nut- 
crackers and the sugar tongs, they are on the same side ; but 
always less effort is required when the distance of the effort from 
the fulcrum is much greater than the distance of the load. The 
principle of the lever can be used to calculate the force exerted 
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by such machines. If the handles of a pair of nut-crackers are 
€* in. long, a force of 1 lb. on each handle will produce a force of 
6 lb on each side of the nut, assuming the nut is placed 1 in. 
from the fulcrum. 

The winch* A simple form of winch is the arrangement used 
for raising a bucket of water from a well (Fig. 21). It consists 



<i> 

Fig. 21. The Winch. » 

(ii) shows hew it acts as a continuous lever. 

of a cylinder round which a rope is wound, a load being attached 
to the rope and a long handle fixed to the centre of the cylinder. 
The load is raised a vertical distance equal to the circumference 
of the cylinder when the handle makes one complete rotation. 
The winch is really a continuous lever, so that if a weight L is 
raised by an effort E, when 1 is the length of the handle, and r 
the radius of the cylinder, it follows from the principle of the 
Lever that: L xr=Exl. 

Mechanical advantage — - — - « 

The length of the handle 1 is always much greater than the 
radius of the cylinder r, so that the mechanical advantage is 
considerably greater than 1. The use of a handle on a variety 
of domestic appliances such as a mangle, a coffee grinder. 
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an ice-cream freezer, a mincer, depends on this principle; 
a long handle lessens the effort required to turn the centre 
axle of the machine, because the 
mechanical advantage is thereby 
increased. 

For example, if a mincer (Fig. 22) 
lias a handle 8 in. long and the 
radius of the centre axle is i in., 
the mechanical advantage is 16, 
and a force of 2 lb. on the handle 
produces one of 32 lb. at the entry 
of the mincer. 

The pulley* A pulley is a wheel 
with a grooved rim in which a length 
of cord can move. The wheel can 
rotate about an axis through its 
centre, and this central axis is sup- 
ported by a frame called the block. When the block is 
# attached to a firm support, so that the axle is kept in a 
certain position, the pulley is a fixed one. From a con- 
sideration of mechanical advantage, there seems little practical 

value in a single fixed pulley ; 
in fact the effort may be a 
little greater than the load 
because of friction but this 
effect will be discussed later. 
The value of a single fixed 
pulley does not then depend 
on its mechanical advan- 

Bv means of pulleys screwed into the tage ; it is Used because it 
ceiling it can be raised to the top of ig conven i ent f or altering 

the direction m which a 
force is exerted. Generally it is far easier to pull downwards 
than to lift upwards, as, for example, when a clothes line has 
to be raised to the top of a post. Fig. 23 shows a rack for 




The long handle and the 
screw both help to increase the 
force exerted on the meat in 
order to press it through the 
cutter. 
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drying clothes indoors ; by means of fixed pulleys it can easily 
bo hoisted to the top of a room. 

WORK 

Work* The load overcome by a machine is not the only 
thing by which its effectiveness may be measured. When a 
force makes an object move, work is done, and the amount of 
such work depends, not only on the force but also on the 
distance through which it acts. For example, if a pile of books 
be lifted from the floor to a shelf 4 ft. from the ground, more 
work is done than if they be lifted to a shelf 2 ft. up. In this 
case, work is done by a person, and the force she uses must over- 
come the force pulling the books down, that is, their weight ; 
she exerts this force for 4 ft. or for 2 ft. and the work done in the 
two cases must be measured in terms of both force and distance. 

Work = force x distance (the distance being measured in 
the same direction as the force is acting). 

The British unit used is the foot-pound and 1 ft. -lb. of werrk i s 
done w hen a mass of 1 lb. is lifted a vertical distance of 1 ft. In 
thiTexample above, if the mass of the books were 6 lb., then 
(6 x 4) = 24 ft. -lb. of work must be done to raise them to the top 
shelf, but o$ly (6x2) = 12 ft. -lb. to lift them to the lower one. 

To measure the work done by the engine of a motor-car or by 
a large machine, the practical unit of horse-power is used, where 

1 horse-power (H.P,) = 33,000 ft.-lb. pe^miriutc. 

The time taken has therefore to be taken into consideration. 

Friction* In most machines, much extra work must be done 
by the effort to overcome the friction of the various parts. 
However smooth a surface may appear to be, it really has 
minute irregularities, and when two surfaces come into contact, 
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these projections tend to become ' interlocked. This makes 
motion more difficult, for the effect is as if there is some force 
opposing motion ; this is called friction. * 

Expt. 7. Friction of various surfaces. Fix a staple to one 
end of a smooth rectangular block and by means of a loop of string, 
attach a spring balance to the staple. Use a spirit-level to adjust 
various surfaces (a rough wooden board, a smooth wooden board, a 
sheet of glass, a piece of sandpaper) in a horizontal position. Hold 
the spring balance horizontally and draw the block across each 
surface in turn, giving it a slight push to start it moving (Fig. 24). 



Fig. 24 . Apparatus for comparing the Friction of 

VARIOUS SURFACES. 

Note the reading of the spring balance when it is kept in uniform 
motion ; if movement is jerky, repeat until a reading is obtained. 
Observe also the force required to start it from a stationary position. 
Find, for any one Surface if the force required to keep the block 
moving varies when various weights are placed on top of the block. 

In the experiment, the force due to the weight of the block 
acts vertically downwards, so that the only force opposing its 
motion horizontally must be friction. To keep the block 
moving, the pull exerted by the spring balance must just over- 
come this force of friction, and so the reading of 'the balance 
indicates the magnitude of the frictional force. As would be 
expected, the rougher the surface, the greater the friction. 
Also there is more friction befon * motion starts than when the 
object is kept moving ; these t^o kinds of friction are called 
limiting and sliding friction. Additional weights on the block 
make friction increase ; always increase of pressure between 
surfaces results in increased friction, and it seems as if the 
minute projections are pressed into more complete contact, so 
that it is more difficult to drag 1 hem apart. 

Rolling friction. In constructing machines it is advisable 
to eliminate friction as far as possible, because the extra vrork 
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done by the effort to overcome it is merely wasted and is con- 
verted into heat. It is known that when a round body rolls on 
a surface, there is less friction than when it slides. For example, 
a cart has wheels which roll over the ground rather than fixed 
runners like a sledge, which slide ; a sledge is only used where 
rolling wheels would be impracticable. In any machine, much 
friction occurs where the axle of a wheel slides in a hub and to 
diminish this, ball-bearings are inserted ; small steel balls are 



Fid". 25. A Cartet Sweeter. 

The ball bearings round the brush axle are shown in (ii). 


fliy courtesy of Entwhistle <C; Kenyon Ltd., Eivbank Works.) 


placed between the axle and the hub, and these roll round as 
the axle turns. The w r heels of roller skates, and the pedals and 
wheels of a bicycle contain ball bearings. Fig. 25 shows how 
they facilitate easy running in a carpet sweeper. 


EFFICIENCY 

Efficiency. The existence of friction makes it necessary to 
know something more about, a machine than its mechanical 
advantage. Much of the work^done by the effort may be used 
up in overcoming friction. For example, if a load of 100 lb. is 
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raised by an effort of 20 lb., but actually 10 lb. of this effort is 
used against friction, the actual mechanical advantage of 
^ 0 ~ — 5 might have been — 10, if there were no friction. For 
practical purposes, a machine is judged by its efficiency, which 
is defined thus : 

work done by machine 

efficiency = 

work done on machine 

This value is expressed as a percentage. Since the work done 
on the machine represents all the work put into it by the effort, 
including that to overcome friction, the efficiency of any 
machine but a perfect one will be less than 1 00 per cent. ; often 
it is only 50 per cent. Machines are oiled because oil between 
surfaces diminishes friction, and therefore increases efficiency. 

ENERGY 

Forms of energy. When an object can do work it is said to 
possess energy and the scientific definiti on of energy is ability to 
* do work. Energy ma}^ exist in a variety of different forms and 
may change from one form to another as, for example, when the 
kinetic energy or energy of motion of a machine is used partly 
to cause further motion and partly by friction is transformed 
into heat. A case which shows a good variet y of change is tha t 
of the mot or car ; c heuncai ener gy isj released by the expl osion 
of petrol gas and air in the cylinder ; some of this ?nergy_ is 
transformed^ int o h eat, some in f o kinetic energy or energy of 
motion of the pistons in the cylinders; t fie latter energ y is 
partly passed o n to the car to give it motion, but some may be 
transformed int o e l ectr ic energy in the battery and thence, to 
the light energy of the lamps. There is yet a nother form o f 
energy, potential ene rgy,, or _ energy- of position ; an object 
weighing 1 lb. placed 10 ft. above the earth could fall 10 ft. 
under the force of its weight and do 10 ft. -lb. of work ; it 
possesses therefore the corresponding amount of energy. The 
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potential energy of the waters at the top of Niagara JFajla is 
t ^anaf onne d into kinetic energy and fi nally to elect ric energy 

Nowadays there is a great deal of talk about atomic en ergy, 
which is a form of energy derived directly from changes in the 
structure of atoms. These changes result in the generation of 
heat which can be turned into electrical energy. This is how 
atomic power stations work. Fig. 25(a) shows the first, atomic 
power station erected in Great Britain. 

Although ftnar gy can be changed and so metimes , see mg_to be 
wasted, as, for example, when friction turns it into heat, it_can 
n^Tbe <W.roved or crea ted ; as much appears in the new 
fOTmsTas" was originally present. ^_cMjervation^of_energy 
means that the. total amount of energy remains unchanged. 



Vt(! 26a At omic Energy Power Station at Calder Hall under Construction. 

ato twQ chimneys) contains one of the atomic furnaces 

Building inoe ^ Kinadbm Atomic Energy Authority. Copyright.) 



CHAPTER III 


FORMS OF MATTER. DENSITY. PRINCIPLE OF 
ARCHIMEDES. FLOTATION. FLUID PRESSURE 

MATTER 

Forms of matter. We are surrounded witji ajrumber of s ub- 
stances which we_ean toacE^andrSie^and smell and feel.- AH 
such m aterial things are called matter, and just as energy can 
exist in a variety of forms and change from one form to another, 
so matter may exist in any of the three physical states, solid, 
liquid and gas, and by supplying or removing heat, it can be 
made to change its state. Water is familiar to us as ice, water 
and steam, but most other substances generally seem to be in 
one particular state. So, for example, iron is regarded as a 
solid, but if it is heated enough, it becomes a liquid and can be 
made to boil and change into vapour. In the intense heat of 
the sun, iron only exists in the form of vapour. Similarly, air, 
which is considered to be a gas, can be cooled to # such a low 
temperature that it is turned into a liquid very similar in 
appearance to water, and by cooling it still further, it can be 
frozen solid. The planets of the r olar system when first formed 
from the sun were gaseous, but they have since cooled, and the 
Earth is now solid. 

Properties of matter. The three kinds of matter have 
variou s characteristics. They all occupy ^pace, offer resistance 
to forces actmg on them, are compressibl e to va rying extents, 
and possess inertia and weight. A gas may not seem to have 
these characteristics so markedly as solids and liquids, but the 
resistance of air to force is the reason that “ stream-line ” 
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motor-cars are now being made ; their shape is such that the 
resistance of the air is thereby diminished. To show also that 



Fig. 26 . Glass Bulb 

FOB WEIGHING AlR. 


air possesses weight, a spherical glass bulb 
fitted with a tap (Fig. 26) can be connected 
to an air pump and the air pumped out 
of it ; it is then weighed almost empty 
of air. When the tap is turned on, a 
hissing noise is heard as the air enters and 
a second weighing shows that there is an 
increase of weight. In a room at a normal 
temperature, 1 litre (1000 c.c.) of air weighs 
about 1-23 gm. 

The solid state* A particular chara c- 
t eristic of solids is their rigid ity, that is, their 
property of not altering readily their size or 


shape. If force is applied, so that they are twisted or pulled, 


they vary in their property of recovery, that is, in their elas- 
ticity. Metal s -such^as gold, silver, copper an^ lead can be 
hammered into thin sheets and are malleable ; copper and 
silver can Tie drawn out into fine wires and are ductile. 


Expt. 8. Elasticity of wires. Take long fine wires of copper 
and steel of equal length and thickness. Attach them to a high beam 
in a room and fix scale pans to the ends of the wires, adjusting them 
so that both pans are equal distances from the floor. Add equal 
weights to the pans, tod observe if the wires have stretched equally 
by noticing if the pans are still at equal distances from the floor. 
Remove the weights, and see if both wires recover their original 
length. Continue to add equal weights to both pans until the copper 
wire fails to recover. The copper has passed its elastic limit but the 
steel still recovers. Add heavier weights until both wires are per- 
manently stretched and finally break ; the copper wire will probably 
not do so but will be drawn out into a still finer wire until the scale 
pan touches the floor. 


Expt. 8 shows that steel wire is more elastic than copper ; it 
does not pass its clastic limit until subjected to much greater 
force than the copper wire. The copper wire, however, is more 
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ductile and is drawn out into a fine wire before breaking. 
Springs and clips are generally made of steel because of itfs 
great elasticity. 

The liquid state. Liquids are not rigid like solids, but change 
their shape readily and flow until they occupy the vessel into 
which they are poured. Some liquids have more mobility than 
others and flow more easily ~T~ some/ Eke^r^~cle7~h a ^~li great 
vis cosity and their particles seem to stick together j*o that 
nei ghbouringf partlcles- areonly gradually-drawn into theflow* 
T hje^attrac^ particles of a su bsta nce givesthe 

pro perty of cohesion. It is present in solids, or the solid would 
crumble apart into powder ; it is shown in liquids by the ten- 
dency for drops to run together to form bigger drops ; in gases 
it is absent. 

Certain other properties of liquids will be considered later in 
the chapter in connection with fluid pressure ; and such pheno- 
mena as surface tension, capillarity and osmosis will be dis- 
cussed in Chapter XI. 

• The gaseous state. Gases as we ll as liquids, do not posses s 
the property of rigidity, and both are described as fluids. Gases, 
hqwever7j)os8ess much~ g reater fl uidit^Iiran^ li quids . because 
they expand and flow until they completely fill the vessel con- 
taining them, whereas a liquid takes the shape of the lower 
part of a vessel but shows a level surface. Gase s aLsb have great 
compressibility, and may be compressed toll small fraction of 
tlieir original volume ; if free, however, they may expand 
almost indefinitely. The variation in volume of gases will be 
considered again in the next chapter in connection with the 
expansion due to heat. 

DENSITY 

Density. Individual solids, liquids and gases show certain 
differences. If a teacup is filkd with granulated sugar and 
weighed, it will weigh more than if it were filled with flour. Or 
again, if it w r ere filled with water and then with olive oil, , the 
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weights would be different. Equal volumes of different kinds 
of solids, or equal volumes of different kinds of liquids do not 
weigh the same. It is said that the density of the substances is 
different. To compare this property in various substances, the 
mass or weight of a definite volume of each must be known ; 
the volume chosen is 1 c.c. or 1 c. ft. according to whether metric 
or British measure is used. Thus the density of a substance is 
the mass of unit volume of it ; the value may be expressed in 
grams per cubic centimetre or in pounds per cubic foot. For 
example, cane sugar has a density of 1*59 grams per cubic 
centimetre or 99-3 pounds per cubic foot. 

For experimental purposes it is not necessary that exactly 
l c.c. of the substance should be available, because if the total 
volume of the substance is known, then the mass of 1. c.c. of 
it can be found by dividing the mass of the whole of it by the 
total volume (that is, total number of c.c.), so 

mass 

density = . » 

volume 

Expt. 9. Density of cheese. Cut a cube of cheese exactly to 
the size of 1 c.c., weighs it and so find the weight of 1 c.c of cheese, 
that is, the density. 

Now weigh the irregular lump of cheese remaining. Find its 
volume by dropping it into water in a graduated cylinder, and ob- 
serving how many c.c. of water it displaces. Divide the weights by 
the volume and calculate the density. Compare this with the 
previous value. 

Expt. 10. Density of water. Weigh a dry, empty beaker. 
By means of a graduated cylinder, measure exactly 100 c.c. of water 
into the beaker. Re- weigh. From the difference of the two weigh- 
ings, find the weight of 100 c.c. of water, and thence find the weight 
of 1 c.c. of water. The experiment may be repeated with other 
liquids. 

Specific gravity or relative density. For commercial pur- 
poses it is convenient to have a method of comparing densities, 
which is independent of the weights and measures used in any 
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particular country. It has been shown experimentally that 
water has a density of 1 gm./c.c., so this is taken as a standard 
and other densities are compared with it. Thus cane-sugar 
with a density of 1-59 gm./c.c. has a density 1*59 times as great 
as water, and its relative density or specific gravity is 1-59. 
Specific gravity is merely a number denoting the number of 
times the density of a substance is greater than that of water ; 
it is independent of units of volume, but care must be taken 
that both the density of the substance and of water are 
expressed in the same units, pounds or grams. 

To find the specific gravity, the simplest method is to con- 
sider the weights of equal volumes of the substance and of 
water, for a comparison of these weights gives also a comparison 
of their densities. Thus : 

weight of a certain volume of a substance 

specific gravity = 

weight of an equal volume of water 

It may be noticed that the specific gravit y is numerically equa l 
jcTtK ellehsity expressed in gm. per q.c. 

Expt. 11. Specific gravity of oil. Obtain two kinds of oil 
and repeat Expt. 10 by finding the weights of equal volumes of 
water and oil. Calculate the specific gravity of each kind of oil. 

If a substance like oil is being exported from one country 
to another, it may be quoted as having a certain specific 
gravity, the value of which is the same, whatever the units 
of weights in the two countries. 

PRINCIPLE OF ARCHIMEDES 

Principle of Archimedes. Everyone is familiar with the fact 
that objects appear to be lighter in water. When a girl is being 
taught to swim, it is quite easy to hold her up in a way that 
would be impossible on dry land. This is because the water 
itself is exerting some upward force and this buoyant effect 
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helps to support the person. The exact magnitude of this up- 
ward force was first stated by Archimedes. The Principle of 

Archimedes is that when a body is 
suspen ded in a liq uid its loss of weight 
is equal to t he weight of li qui d it 




Expt. 12. \ Principle of Archi- 
medes* Use cylinders or cubes of 
brass, copper, lead, etc. Measure one 
and calculate its volume. Suspend it 
by cotton from the arm of a bal- 
ance and weigh it. Arrange a bridge 
over the pan of the balance and place 
a glass beaker of water on it, taking 
care that the block hangs freely and 
does not touch the sides of the beaker 
(Fig. 27). Be sure also that the bridge 
does not touch the pan of the balance. 
Weigh the block suspended in water. 
Repeat the experiment with the different blocks. Tabiflate the 
results thus : • 


Fig. 27. Method of weigh- 
ing a Block suspended in 
Wateh. 


Material 

of 

block 

Volume 

of 

block 

Weight of an 
equal vc mmo 
of water 

Weight of 
block in 
air 

Weight of 
block in 
water 

Loss of 
weight m 
water 


* c.c. 

! 

gm. 

gm. 

1 

gm. 

gm. 


The weight of liquid displaced must be the weight of a volume of 
water equal in volume to the block. To test the truth of this prin- 
ciple, compare the third and last columns. 


It seems as if the liquid displaced exerts an upthrust with 
a force equal to its own weight and so lessens the weight of 
the object suspended in it by that amount. The principle 
accounts for the apparent lightness of a person who is 
supported in water. 
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FLOTATION 

Flotation* If an object is actually floating, the upward force 
of buoyancy is still more pronounced, for it is sufficient to keep 
the object suspended in the liquid. In both flotation and sus- 
pension, the upward force is equal to the weight of the displaced 
liquid. But in flotation, the upward force counterbalances the 
entire weight of the object, so that in this 
case, the weight of the floating o bject is equ al 
to the weight of liquid di splace d- JThis- is 
offieiTcalle d the Law of Flotation : it is direc tly 
derived fr om the . Brinciple^-of Archimedes. 

Exft. 13. The law of flotation. Pour 
water into a graduated cylinder until it is 
about half-full and read carefully the level of 
the water. Put a little lead shot into a test 
tube, tie a piece of cotton round the top and 
then by means of the cotton, lower the test 
tube into the cylinder (Fig. 28). If it does not Fig * 28 * Expeei- 
float satisfactorily, vary the amount of lead th^LaVo^F^t™ 
shot. Read the level of the water in the cy- TION . 
linder, when the test tube is floating freely. 

Remove the test tube, dry it and find its total weight. Repeat 
the experiment with different amounts of lead shot in the tube. 
Tabulate results thus : 


Weight of 

First 

Second 

Difference 

Weight of 

test tube 

reading of 

reading of 

of 

water 

and shot 

cylinder 

cylinder 

readings 

displaced 

gm. 

c.c. 

C.C. 

c.c. 

gm. 


Compare the first and last columns. 


Depth of floating objects. All objects do not float ; and 
even those that do, float partly in and partly out of water to 
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varying extents. If the specific gravity is greater than 1, the 
whole of the object may be immersed and yet the weight of the 
displaced water remains less than the weight of the object, so 
that it sinks. A block of wood of specific gravity just 1, would 
float with its upper surface flush with the surface of the water, 
for the whole of it would have to be beneath the water to 
displace a weight of water equal to its own weight. Cork, with 
a specific gravity of 0-22, need only be approximately one-fifth 
submerged. 

The specific gravity of iron is 7-2, and a block of solid iron 
would sink, but an iron ship has hollow compartments, so that 



Fig. 29. The Plimsoll Line. 


This is marked on the sides of all sea-going vessels and indi- 
cates the depth to which the vessel may be loaded. The letters 
L R refer to Lloyd’s Register of Shipping, by whom the posi- 
tion of the line is assigned* FW, shows the line for fresh water ; 
IS, lndiran summer water ; S, summer in temperate latitudes ; 
W, winter in temperate latitudes ; WNA, winter in North 
Atlantic. 


the average specific gravity of the whole is less than 1. 
Even when partly immersed, sufficient water is displaced 
to equal the weight of the vessel, its engines, cargo and 
passengers. 

The Plimsoll line (Pig. 29) is marked on the hull of all sea- 
going vessels to indicate the depth to which they can safely be 
loaded ; if they are immersed too deeply they cannot withstand 
heavy seas. 
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Fig. 30. The “ Hindenburg ’ on her Trial Flight. 

(Copyright.) 

The Law of Flotation applies to all fluids, gases as well as 
liquids. Thus an airship (Fig. 30) floats because the gas bags 
, are filled with a gas like hydrogen or helium, which is very much 
lighter than air. It has been seen that air weighs about 1-23 gm. 
per litre while hydrogen only weighs 0-09 gm. per litre. Thus 
the total weight of the airship is less than that of the air it dis- 
places, and it floats. 


LIQUID PRESSURE 

Pressure in liquids* When a girl floats in water, the buoyant 
effect she experiences is due to an upward force or pressure in 
the water. But if she stands up and walks through the water 
she will feel a pressure on her limbs, which makes movement 
difficult, and this pressure comes from every direction. Prac- 
tical experience shows, therefore, that pressure in a liquid con- 
sists not only of the upward force which plays so important a 
part in flotation, but also of forces acting in all directions. This 
fact may be demonstrated by a syringe of the form shown in 

D J.OJ. 
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Fig. 31. The equality of the jets indi- 
cates that the pressure in all directions 
is equal. 

If, however, a diver goes down into deep 
water, he finds that the deeper he goes, 
the greater the pressure on him, until at 
a depth of 150 ft., there is a pressure of 
nearly 70 lb. ori' every square inch of his 
body. Air is pumped into his dress to 
balance this water pressure, but even so 
he works under a considerable strain. A 
tall cylinder with three outlets (Fig. 32) 
can be used to show that pressure in- 
creases with depth ; obviously the water 
Fig. 31. A Syringe f r0 m the bottom jet is being forced out 
is forced equally in at greater pressure. 

all directions. Pressure in a liquid, then, is always the 

same at the same depth and is transmitted equally iij all direc- 
tions, but with increase of depth 
the pressure increases. 

Water level. If a bowl of 
water is tilted the surface of the 
water remains horizontal ; it is 
as if the paiticles of water pre- 
vent the surface being inclined, 
because they slide down until it 
is horizontal again. This pro- 
perty is a characteristic of all 
liquids, and a popular way of 
describing it is by stating that a 
liquid tends to find its own level . 

To illustrate the phenomena, a Fig. 32. The Pressure tn Water 
, « , i increases with Depth. 

number of vessels may be con- 

nected together (Fig. 33) and when water is poured into one of 
them it will flow until it is at the same level in all. 
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Fig. 34 . Town Water Supply. 

If the reservoir of a town is in a low position, a water tower is 
constructed (Fig. 34) and the water pumped up into it. The 
water having attained this level, it will flow naturally down the 
mains to the houses, and rise again to the upper floors of the 
houses. The higher the reservoir or the water-tower, tjhe 
greater will be the pressure of the water supply, for it will be 
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that of a column of water of height equal to the vertical distance 
between a given tap and the surface of the water in the reser- 
voir. If the top floor of a house were higher than the level of 
the water in the reservoir, no water could be obtained from a 
tap there, or if it were on fire, the water from the fireman’s hose 
pipe would not rise high enough to be directed on the blaze. 

GAS PRESSURE 

Pressure of the air* When we walk out of doors in a wind 
we are conscious that air exerts pressure. Moreover, it has been 
seen that air has weight, and as it extends to several miles above 
the earth, it presses down with a pressure of 14*7 lb. on every 
square inch of surface, so that a person of average size is sup- 
porting a pressure of about two tons on the surface of his body. 
He does so unconsciously because the outward pressure due to 
the blood vessels and air cavities in the body is correspondingly 
great. On ascending to a great height, however, atmospheric 
pressure becomes much less and the excess of thiS outward 
pressure may cause discomfort and even sickness. 

Expt. 14 . Effects of the pressure of the air. (a) Fill a 

tumbler with water and slide a piece of cardboard over the top, so 

that it presses tightly on the rim of the 
glass. Now invert the tumbler, holding 
the cardboard steady as you turn the 
tumbler over. The cardboard stays in 
place, and no water runs out, because the 
upward pressure of the air is greater than 
the downward pressure of the water. 

(6) Place a cylinder open at both ends 
on the plate of an air pump ; the rim in 
contact with the plate should be ground 
flat and greased so that it makes an air- 
tight contact with the plate. Over the 
top of the cylinder, tie a piece of rubber 
sheeting (Fig. 35). Pump the air from 
inside the cylinder. The rubber sheet bulges downward and finally 
bursts under the pressure of the air outside. 



Fia. 35. Diagram to 

SHOW HOW RUBBER SHEET- 
ING BULGES DOWN WHEN 

Air is pumped prom inside 
the Cylinder. 
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The barometer* A barometer is an instrument for measuring 
the pressure of the air. In its simplest form, a column of mer- 
cury balances the pressure of the air on the surface of the mer- 
cury in a vessel, and the height of the mercury column is a 
measure of atmospheric pressure. 

A clean barometer tube (a thick-walled glass tube about a 
yard in length) is filled with mercury by pouring the liquid down 
a small funnel connected to the 
tube by a short piece of rubber 
tubing (Fig. 36 (i)). The tube 
is tapped to remove air bubbles, 
and to remove them all com- 
pletely, a small air space is left 
at the top so that on placing the 
thumb over the end and invert- 
ing the tube several times, the 
air bubble from the space travels 
up and down, and collects 
9 smaller air bubbles on its way. 

When the mercury is entirely 
free from air bubbles the tube 
is filled to the top, the thumb 
is placed over the end and the 
tube is inverted in a bow) of mer- 
cury, care being taken that the 
thumb is not removed until the end of the tube is below the 
surface of the mercury in the bowl (Fig. 36 (ii)). The tube is 
then clamped in a vertical position. The mercury falls from the 
top of the tube leaving a vacuum ; no air can possibly have 
entered. 

The difference of level of the mercury in the bowl and in the 
tube measured vertically represents the atmosphere pressure 
for the day — about 30 in. or 70 cm. The pressure of the air 
varies from day to day and when it gets less the column of 
mercury falls, because less is required to balance the external 


// (3 

fBj Baromttrla 

jj h tight 

0) (ii) 

Fic. 36. 

(i) How to 611 a t*arometer tube, 
(u) The finished barometer. 
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pressure ; when the pressure increases, the mercury rises higher 
in 6he tube. 

The aneroid barometer* The kind of barometer in most 
general use is the aneroid one (Fig. 37). It has the advantage 
of being easily portable, especially since it can be obtained in a 
size no larger than a watch. It consists of a thin metal box 
rather like two tin lids soldered together at the edges, but with 
the top and bottom diaphragms of corrugated metal (the metal 



CLOCK— SPBIN0 TO 
KEEP CHAIN TAUT 

Fig. 37. The Aneroid Barometer. 


used is German silver). The box is exhausted of air, and but 
for the support of the spring on the upper diaphragm, the 
pressure of the air outside would make it collapse. The tension 
of the spring thus balances the pressure of the atmosphere, and 
when the latter alters there is a corresponding movement of the 
spring. By means of a system of levers, the movement of the 
spring is magnified and transferred to the pointer on the dial. 

A further development of this type of barometer is the baro- 
graph (Fig. 38) in which a pen is fixed to the system of levers, 
and the movements of the pen are recorded by the line it traces 
out on a piece of paper, which is fixed to a drum revolving once 
a week by clockwork. 

Weather* A barometer is often called a “ w r eather glass ” ; 
and though it cannot be entirely depended upon to forecast 
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weather, yet, when the barometer is low, bad weather is 
probable. Weather variations in the British Isles depetid 



Fig. 39 . Weather Chart showing a Cyclone or Low Pressure Area. 


N.E. Such movements are often regions of low pressure with 
the pressure increasing outwards (Fig. 39) and winds blow to- 
wards the centre of the region but are deviated because of the 






48 


GENERAL SCIENCE 


rotation of the earth. Everyone is familiar with reports from 
broadcasting stations containing such remarks as “ a de- 
pression is approaching from the Atlantic ” and the conclusion 
drawn by the weather expert, “ further outlook unsettled 

Charts are constructed at the Meteorological Office from baro- 
meter and wind records from certain stations on land and from 
ships at sea ; on these charts all places of equal pressure are 
joined by lines called isobars. A region of low pressure indicates 
a cyclone, and one of high pressure with the pressure decreasing 
outwards indicates an anticyclone. Generally the former means 
bad weather and the latter, fine settled weather. From Fig. 39, 
the forecast would be that the weather was likely to improve 
since the cyclone was passing and an anticyclone approaching. 

The common pump. The working of a common pump 
depends on air pressure. As the piston moves down by the 

action of the handle (Fig. 40) the 
piston valve opens under the pres- 
sure of the air beneath it, while 
the shaft valve remains closed. , 
When the piston moves up again, 
the external pressure of the air 
keeps the piston-valve closed, but 
the pressure beneath it in the 
barrel is so small compared with 
the atmospheric pressure on the 
surface of the water in the well, 
that water rises up the shaft and 
passes through the shaft valve. 
When the barrel is full of water, the 
piston passes down through it with 
its valve open, but when it is raised, 

the valve closes and the water is 
Fig. 40. The Common Pump. m&d to flow through the spout. 

The siphon. A siphon is a simple device for removing liquid 
from a vessel when pouring is impossible. To illustrate its 
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action a piece of bent glass tubing (Fig. 41) is filled with water ; 
one end is placed beneath the surface of the water in the vessel 
to be emptied, while the other 
end is kept closed till action 
is to begin. When this end is 
opened, water flows down the 
tube until the level in the top 
vessel reaches the end of the 
siphon. 

At A, the surface of the water, 
the pressure is atmospheric. At 
a point B in the tube at the 
same level, pressure is the same 
as at A , that is, atmospheric, 
and the pressure is acting down- 
wards. At C, there is an upward pressure equal to that of the 
atmosphere minus the downward pressure due to the column 
of water BC. So the pressure at B being greater than at C 9 
\^ater flows down until the surface level of the water is reduced 
as nearly as possible to that of the end of the pipe. 

In a soda-water siphon the pressure of the carbon dioxide gas 
on the surface of the soda-water forces the liquid up the central 
tube and from this it can be released when the handle is 
pressed. The pressure decreases as the vessel empties and 
often the last amount of liquid cannot be forced out. 




CHAPTER IV 


HEAT AS ENERGY. EXPANSION. THERMOMETERS. 
QUANTITY OF HEAT. SPECIFIC HEAT. CHANGE 
OF STATE 

Heat as energy. In Chapter II, heat was described as one of 
the forms of energy. The various kinds of energy cannot be 
seen or touched, but they can be studied, by the effect they 
produce on matter. For example, the electric energy in a lamp 
cannot be seen, but its effect on the filament is to make the wire 
glow brightly and so the white-hot wire can be observed but 
not the electricity itself. Similarly with heat, centain changes 
it produces on matter can be investigated although heat itself 
is invisible. Three changes familiar to us from practical experi- 
ence are (1) change of size, (2) change of temperature, (3) a 
change of state. 


EXPANSION 

Expansion of solids, liquids and gases. Change of size, or 
expansion, occurs in all the three kinds of matter- solids, liquids 
and gases. 

Expt. 15. Expansion of brass, water and air. (a) Take a 
brass ball and ring of the type shown in Fig. 42. Pass the ball 
through the ring when cold ; then heat the ball in a gas flame, and 
try again to pass it through the ring. Although no change in its size 
is apparent, it will remain stuck. 

( b ) Fit a flask with a long tube passing through the cork. Fill the 
flask with water and insert the cork carefully so that no air-bubbles 
collect beneath it ; the water rises a little way up the tube. (Fig. 

50 
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43 (i)). Place the flask in a vessel of hot water. Note that the level 
of the water is seen to fall very slightly (this is due to the expansion 
of the flask) and then to rise up the tube as the water gradually gets 
hot. 



Fig. 42. Expansion or a Brass Ball. 


(c) Use the same apparatus but support the dry em/pty flask in an 
inverted position with the end of the tube dipping beneath the 
surface of water in a beaker (Fig. 43 (ii)). Warm the flask gently 
with the hands or with a small gas flame. Notice the bubbles that 
rise through the water when the air 
inside the flask expands so that some 
is driven out of the tube. Let the 
fkisk cool ; observe how water rises 
in the tube to take the place of the 
air that has been driven out. The 
amount of water entering is an in- 
dication of the volume the air has 
expanded relatively to the volume 
remaining in the flask ; th‘°. expan- 
sion is very much greater than would 
be the case with a solid of similar 
size similarly treated. 

Of the three kinds of matter, a 
gas expands by far the most, a 
liquid an appreciable amount, and 
a solid so little, that the change 
can barely be detected with the 
naked eye. An experiment with different gases would show 
that they all expand very nearly equally, whereas different 
kinds of liquids and solids expand differently. 




52 


GENERAL science 


Fire-proof materials* Certain materials now on the market 
are compounded so that their expansion is extremely small, and 
they are therefore strong to withstand changes of temperature. 
One such material, vitreosil, made chiefly of fused silica, ex- 
pands only one-seventeenth of the amount that glass does. 
When made red-hot, it can be plunged into cold water without 
cracking. It is used for bowls a^d globes for gas and electric 
lights, there being no danger of its breaking when heated or 
cooled excessively. Pyrex and other forms of oven glass are 
specially made so that their expansion is extremely small, and 
dishes and bowls made of such material can be used both for 
cooking and serving food, thereby saving labour. 

THERMOMETERS 

Thermometers. Change of temperature is measured by 
means of thermometers, the majority of which work on a 
similar principle to the expansion of a liquid as seen in Experi- 
ment 15. Mercury or alcohol are used rather than water, be- 
cause they can be used over a wider range of temperature with- 
out turning to solid oj; to vapour. 

Fixed points. For measuring purposes, certain definite tem- 
peratures must be taken as standards. Since water is a very 
common substance, it is used for determining the fixed points of 
thermometer scales ; the temperature of pure melting ice is 
taken as the lower fixed point, and the temperature of the steam 
from water boiling under normal atmospheric pressure as the 
upper fixed point. Two different types of thermometer are in 
general use, the Fahrenheit and the Centigrade. The Fahren- 
heit is commonly used in Great Britain ; and on this scale the 
lower fixed point (the freezing point of water) is 32° F. and the 
upper fixed point (the boiling point of water) is 212° F. The 
Centigrade scale is used in all scientific work, and in most of 
the countries of Europe ; the corresponding temperatures of its 
fixed points are 0° C. and 100° C. 
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Expt. 16. Verification of the fixed points of a thermometer* 

(a) Fill a funnel with small pieces of clean ice and fix both Centigrade 
and Fahrenheit thermometers in position for a few minutes as 
shown in Fig. 44 (i) ; test their lower fixed points in this way. 

(b) Test the upper fixed points of the same thermometers by 
supporting them as shown in Fig. 44 (ii), so that as much as possible 
of the mercury thread is surrounded by the steam from vigorously 
boiling water and only a few graduations near the fixed point are 
above the cork. 



(i) (ii) 


Fig. 44. Verification of the fixed toints of a Thermometer. 

The values of 100° C. ar ! 212° F. are only correct if* atmosphere 
pressure is 76 cm. A book of tables must therefore be consulted 
to find the boiling point for the pressure on that particular day ; any 
error in the fixed points of the thermometers can then be estimated. 

From the values for the fixed points, it is obvious that there 
are 180 degrees between the two fixed points on the Fahrenheit 
scale and only 100 on the Centigrade one. A Fahrenheit degree 
is therefore or | of a Centigrade one. 

The clinical thermometer* A clinical thermometer (Fig. 45) 
is one used for taking the temperature of the human body. It 
is a small mercury thermometer about four inches long, marked 
in Fahrenheit degrees from 95° F. to about 110° F. ; these are 
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the limits between which the temperature of the living human 
body varies. Each degree is divided into fifths, so that decimals 
of a degree can be read. 



Fig. 45. The Clinical Thermometer. 


The unique point in the construction of this thermometer is 
a constriction in the bore of the stem just above the bulb, the 
purpose of which is to make the mercury thread stay in position 
after the thermometer is removed from the patient’s mouth. 

When the thermometer is used, it is put under 
the tongue or in the armpit ; the warmth 
makes the mercury expand and force its way 
through the constriction, it is then removed, 
and since the mercury breaks at the constric- 
tion and cannot flow back into the bulb, the 
reading remains the same as wheji the thermo- 
meter was in contact with the patient. To set 
it for further observation, it must be jerked 
sharply downwards to send the mercury back 
through the constriction. 

A person in good health should have a tem- 
perature between 97*8° F. and 98-6° F., the 
majority of people being generally slightly be- 
low' the temperature marked normal, 98-4° F. 
A temperature of over 100° F. indicates defi- 
nite fever, and although exceptional cases of 
very high temperature occur in tropical fevers, 
one of over 1 05° F. indicates dangerous illness. 

Maximum and minimum thermometer* 
It would be inconvenient to watch a thermo- 
meter to see the highest and lowest tempera- 
tures of the air, during twenty-four hours, so in the maximum 
and minimum thermometer (Fig. 46) a record of the extreme 



Fig. 46. A Maxi- 
mum and Minimum 
Thermometer. 
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temperatures is obtained from two small steel floats. In bulb A 
there is alcohol ; the alcohol extends down the stem to B. From* 
B to C, there is a thread of mercury and from C to D alcohol 
again, while the bulb D contains alcohol and alcohol vapour and 
air. The thermometric expansion and contraction is produced 
by the alcohol in A, the mercury and the other alcohol merely 
being present to assist the working of the thermometer. 

When the thermometer rises the alcohol in A expands and 
pushes the mercury thread round, and this in turn pushes the 
float in the right-hand side of the tube to the highest tempera- 
ture occurring. When it becomes cooler, the alcohol contracts 
and the mercury follows it back, pushing the float in the left- 
hand side to the lowest temperature. The steel floats have tiny 
springs attached, which keep them in position, and a magnet 
has to be used to draw them down to the ends of the mercury 
thread to reset the thermometer. 

Behaviour of water. Most substances expand steadily when 
heated and contract when cooled, but water behaves in a 


ciyious fashion. As it cools, it contracts 
till it is at a temperature of 4° C. and then 
it expands again from 4° C. down to 0° C. 
When it is most contracted, it must have 
its greatest density, so 4° C. is called the 
temperature of maximum density of water. 
At 0° C., water expands again on chang- 
ing into ice. 

This latter effect can be shown by freez- 
ing a cast-iron bottle full of water. The 



bottle is fitted with a screw top which can (i) (ii) 


be tightly fixed with a spanner, and it is Fig - 47. 

covered with a freezing mixture of 3 parts ( £j xhTbo'Xbi^tby 
of ice to 1 of Salt. After five or ten min- the expansion of water on 
utes, a bang is heard, and the bottle is * reezm 8* 
found broken asunder with a thick layer of ice inside (Fig. 47). 


The force of expansion is sufficient to burst the cast-iron bottle. 
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The behaviour of water affects certain everyday phenomena. 
The maximum density of water ensures that the water at 
the bottom of a pond ( i.e . the most dense water) is at 4° C., 
when there is a thick layer of ice at the surface ; consequently 
fish can continue to live in the water. Further, ice is lighter 
than the water (since water expands on freezing), and so it can 
float on the top of a pond, and similarly ice -bergs can float in 
the sea. Water-pipes often burst in frosty weather, when 
the water inside them freezes. Generally this is not realised 
immediately, because the ice blocks up the gap in the broken 
pipe, but directly there is a thaw the ice melts and the water 
gushes out of the crack. 

QUANTITY OF HEAT 

Difference between temperature and quantity of heat. In 

the ordinary way, people talk of 4 4 heat ” when they actually 
mean 44 temperature ”. But heat and temperature are not identi- 
cal. An analogy with water will make the difference clear. 





(i) Fig. 48. (ii) 


In (i) jars filled to the same level do not contain equal quan- 
tities of water. In (ii) water flows from one vessel to the other 
until the wator in each is at the same level. 

Temperature may be likened to level of water, and quantity of 
heat to quantity of water. Two vessels (Fig. 48 (i)) may contain 
water at the same level, but there is not the same quantity of 
water in each. So two bodies (as, for example, the brass and 
water in the experiment that follows) may be at the same tern- 
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perature, but not contain the same quantity of heat. Moreover* 
two vessels may contain water at different levels, and if the 
vessels are connected, water will flow from the one at a higher 
level to that at a low until both are at the same level (Fig. 48 
(ii)). So if a body is at a higher temperature than others near it, 
heat will flow from it until the temperature is uniform every- 
where. Temperature, then, may be defined as that condition of 
a body which determines whether it shall give heat to, or receive 
heat from, its surroundings. 

Expt. 17. Difference between heat and temperature. Into 

two similar glass beakers measure 200 c.c. of cold water by means of 
a graduated cylinder ; place a thermometer in each and note the 
temperature of the cold water. These two vessels are to receive heat 
from equal weights of brass and water heated to the same temperature . 
Place a 200 gm. brass weight and 200 gm. of water (obtained by 




Fig. 49. 

Equal quantities of brass and water at the same temperature do 
not contain equal quantifies of heat. 

measuring out 200 c.c.) in a third beaker, first attaching a piece of 
cotton to the weight, so that it can easily be lifted out (Fig. 49). 
Heat this beaker over a bunsen flame, and immediately the water 
boils, transfer the weight quickly to one beaker of cold water and 
the hot water to the other ; stir and note the resulting temperature. 

The beaker receiving the hot water is found to be at a much higher 
temperature, thereby showing that, although the brass and hot 
water were at the same temperature, the hot water contained 
more heat. 
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Measurement of heat* Quantity of heat is an amount of 
energy measured in terms of its power of raising the tempera- 
ture of water. The metric unit of h eat is the caloric ; the 
q uantity of heat required to rais e the temperature of 1 amTof water 
through 1 Q C. } or given out by I gm. of water in cooling through 
1°C. For general purposes in this country, the unit is the 
British Thermal Unit ; the quantittyof heat required to raJseThe 
temperature of 1 lb. of water througfiV 5 ' F~ or given out" by l ib. 
of waterTh coolingTjKfough 1° F. The latter unit is the larger ; 
1 B. Th.U. corresp onds to 252 calojrfes^ From these definitions 
HTcan easily be calculated what quantity of heat is required to 
warm water ; for example, a gallon of water (that is, 10 lb.) 
when heated through 150° F. absorbs 1500 B.Th.U. ; and a 
litre of water (1000 gm.) heated through 50° C. absorbs 50,000 
calories. 

Incidentally, water has a higher capacity for heat than any 
other substance, so a similar quantity of oil or an equal weight 
of brass would need very much less heat to raise itsHemperature 
to the same extent. The heat capacity of a substance is the 
quantity of heat required to raise unit weight of that substance 
through one degree. The ratio of the heat capacity of a sub- 
stance to the heat capacity of water is termed the specific heat 
of that substance. But since from the definition of calorie 
and British'thermal unit, the heat capacity of water is always l, 
heat capacity and specific heat are numerically equal. The 
relation between the terms is similar to that between density 
and specific gravity, except that these latter are only numeri- 
cally equal when metric measurements are used. 

Experiment 17 might also have been used to find the specific 
heat of brass, and a similar but more accurate experiment may 
be done to find the value for copper. 

Exft. 18. Specific heat of copper* Weigh a copper can 
(known as a calorimeter) first empty, and then two-thirds full of cold 
water. Take the temperature of the cold water. The calorimeter 
may be placed in a larger can on a cork with a few light pads of 
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cotton wool round to prevent gain or loss of heat from the surround- 
ings. Now place about 30 gm. of copper shavings in a test tube and 
support it in a flask half-full of water, so that when the water boils, 
the test tube is surrounded by steam. Let the water boil some 
minutes ; take the temperature of the copper and if it is steady, 
quickly transfer the copper shavings to the cold water in the calori- 
meter. Stir and read the temperature of the mixture. Weigh again 
to find the weight of copper added. 

From the definitions, the specific heat is numerically equal to the 
heat capacity, i.e. the heat given out by a gm. of copper cooling 
through 1° C. Obtain an expression for the total heat lost by the 
copper (with the specific heat as x) and form an equation thus : 

Heat lost by copper shavings = heat gained by cold water, 
weight of w ater 1 / weight of copper x fall in 

x rise in temperature/ /temperature x specific heat (x). 

This assumes that all the heat given out by the copper is absorbed 
by the water, but actually the calorimeter absorbs a little. How- 
ever, a fairly accurate value for the specific heat should be 
obtained. 

Effect of specific heat on climate. Water, with its value of 1, 
Jias a higher specific heat than any other liquid or solid. Thus 
a large quantity of water, such as the sea, takes much longer to 
be heated up by the sun than the land and similarly cools much 
more slowdy. Islands or places on a sea-coast tend to have a 
much more equable climate with less extremes of heat and cold 
than inland places. The differences between winter and summer 
temperature in England are only half as great as the corre- 
sponding differences in parts of central Russia in the same 
latitude. 


CHANGE OF STATE 

Change of state. In describing the three forms of matter in 
Chapter III, it was said that changes from one state to another 
could easily be achieved by heating or cooling the substance, 
and that the actual state of a substance at any particular time 
depended on its temperature. The simplest substance in which 
to study these various conditions is water. 
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Expt. 19 . Heat required to change ice to water and water 
to steam* Crush some ice into small pieces and place a handful in 
a metal can. Observe the temperature with a Centigrade thermo- 
meter. Stand the can on a tripod stand, and at the beginning of a 
minute as noted on a stop-watch, place a small flame beneath the 
can. Stir thoroughly and note the temperature of the ice as it melts ; 
it should remain at 0° C. At the instant that all the ice has melted, 
note the time again. Then observe the temperature every minute 
and note the time when the water begins to boil. Let the water 
continue to boil until it has all boiled 4way and note the time when 
the last drop disappears ; this last interval will be much longer than 
the previous one. 

Assuming that the burner has been supplying heat steadily, the 
relative times for the changes — ice to w^ater, water at 0° to water at 
100°, water to steam — are proportional to the amounts of heat asso- 
ciated with each change. Suppose it takes 4 minutes for ice to turn 
to water, 5 minutes for water at 0° C. to be raised to 100° C. and 
25 minutes for all the water to boil away, it is known that 1 gm. of 
water heated from 0° C. to 100° C. required 100 calories of heat ; 
then 1 gm. of ice to melt required (100 x f ) = 80 calories and 1 gm. of 
water changed to steam requires (100 x^) =500 calories. 

Melting point* The exact temperature at which a solid 

c hanges to liquid is called the 
meltingpoint of that substance. 
The values' for different substances 
vary tremendously as, for exa mple, 
0_° a. for ice and 1530° C. for iron. 
So long as any of the solid remains 
unmelted the temperature remains 
unchanged ; this w r as shown with 
ice and water, and in practical ex- 
perience it is known that the fat in 
a frying pan does not get very hot 
until all has become liquid. 

Expt. 20. Melting point of 
butter* Dip a short piece of thin 
glass tubing into some melted butter, 
so that the tube is filled ; it quickly solidifies. Now attach the tube 
with rubber bands to the bulb of a thermometer (Fig. 50) and 
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place it in a beaker of water. Heat gently, stir, and read the 
temperature directly the butter is seen to melt. Remove the 
flame ; let the water cool and read the temperature as the sub- 
stance solidifies. Repeat, and take the mean of the observed 
temperatures as the melting point. The melting point of butter 
and margarine may be compared and used as a method of de- 
tecting mixtures of the two. 

Variation of melting point. When substances are mixed to- 
gether their melting point is altered. For example, bismuth, 
tin, lead and cadmium all have melting points above 200° C., 



Fig. 5J. Revelation. 

The wire passes through tho block of ice, yet the block 
remains intact. 9 

but when the metals form an alloy known as Rose’s fusible 
metal, the alloy melts at 70° C. Salt lowers the melting point 
of ice as may readily be seen by taking the temperature of a 
mixture of the two. 

Melting point is also affected by pressure. If a copper wire 
is fastened to a heavy weight and hung over a block of ice 
(Fig. 51) the wire will pass through the ice without apparently 
cutting it. Pressure lowers the melting point of ice, so that 
beneath the wire it is melted and the wire passes through ; the 
water so formed is then free from pressure, and being sur- 
rounded by ice, refreezes. 
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This phenomenon is known as regelation. It occurs when 
snow is pressed together to form a snowball, or when two pieces 
of ice are stuck together. Glaciers take the shape of the valleys 
and curve round rocks, because pressure makes the ice melt, 
and the water takes the required shape ; if the pressure is re- 
moved, regelation (or re-freezing) occurs (Fig. 52 ). 

Difference betwee n evaporation and boiling. A liquid ca n 
c hange to vapo ur by two^rocesse^-— evaporation and boiling. 
Evaporation takes^ace af ahyTemperafui^, arid only occurs 



Photo. W. N Spooner <t‘ Vo. 

Fig. 52 . The Cukvincj Path of a Clacteu as it flows 
down the Mountain Side. 


at the surface of the liquid ; its cooling effect has already been 
discussed. "Boiling takes place at a definite temperature for one 
particular liquid, providing th e atmosp h eri c pressiire does not 
vary, but it is different for different liquids and serves as a 
means^of identifying them. In boiling, bubbles of vapour are 
formed throughout the liquid, and the “ singing ” noise heard 
just before a kettle of water boils is due to the rattling noise 
made by the bubbles collapsing before they reach the surface. 
When the water boils, the bubbles burst at the surface. 
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Boiling point. In determining the boiling point of a pure 
liquid, the bulb of the thermometer is placed in the vapour 
above the liquid because the vapour is free from any im- 
purities present in the liquid. The boiling point of a solu- 
tion is determined by placing the thermometer in the liquid 
itself. 

Expt. 21. Boiling point of water to which salt has been 
added. Use the flask fitted up in Experiment 16 (b). Half fill it 
with water and add a teaspoonful of salt to the water. Adjust the 
thermometer in the cork so that it will be above the liquid and be 
only immersed in steam. Heat the flask and note the temperature 
when the solution is boiling. Now arrange the thermometer so that 
the bulb is in the solution. Again read the temperature when the 
solution is boiling. Add more salt and repeat. 


By placing the thermometer in the steam, the boiling point 


of pure water was observed ; that of a 
solution is higher. When fruit or veget- 
ables are boiling in water some of their 
constituents dissolve in the water to 
form a solution and the boiling point is 
therefore higher than 100° C. 

Variation of boiling point with 
pressure. The boiling point of a liquid 
varies with the pressure of the atmo- 
sphere in contact with it. 

This may be shown by heating a 
round -bottomed flask half-full of w ater, 
and corking it tightly when the water 
is boiling freely. On inverting the flask, 
so that it can conveniently be cooled 
(Fig. 53) the water is seen to boil again. 
Even when cooled considerably, the 



Fig. 53 . Water bom 

AT A BOWER TEMPERATURE 
WHEN THE PRESSURE ON 
IT IS REDUCED. 


water continues to boil. The effect is due to the lowering 


of the pressure on the surface of the water. All the air is 
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driven out of the flask by the steam, so that when the flask 
i& corked, the space above the water contains only steam. 
When the flask is cooled, the steam condenses and since 
1600 c.c. of steam in condensing only form 1 c.c. of water, 
the volume of water formed is insignificant compared witli 
that of the steam. The pressure inside the flask is then 
lowered and the water boils at temperatures considerably lower 
than 100° C. 

The boiling point of water is only exactly 100° C. or 212° F. 
when the barometer reading is 76 cm. ; it becomes lower 
when the pressure is less or higher when it is greater ; for 
example, water boils at 99-6° C. when the pressure is 75 cm., 
and 100*4° C. when it is 77 cm. Since pressure decreases on 
going up a mountain, it is impossible to make good tea or cook 
food properly at the top of a high mountain because the boil- 
ing point of water is so low ; at the top of Mont Blanc it is 
85° C., and on the Mount Everest expeditions, much lower 
boiling points must have been experienced. Use is made of 
increased boiling point in steamers for eookiftg food very 
rapidly ; the vessels are made so that the steam only escapes 
under pressure, and the liquid inside boils at a higher tem- 
perature than normally. 

Latent heat* T he c hange from soli d to liq uid, or vice versa, 
js termed the lower change o f state and t hat from liquid to gas 
t he up per "change of state. In both cases a quantity of heat is 
involved in the change, and since this heat seems “ hidden or 
stored up in the substance when it changes from a lower to a 
higher state and is given out when it returns to the lower one, 
it is called latent heat. The latent heat of fusion of ice is the 
quantity of heat required to change 1 gm. of ice at 0° C. to ivater 
at 0° C, Similarly the latent heat of vaporisation of water is the 
quantity of heat required to change 1 gm. of water at 100° C. to 
steam at 100° C . The values given in the experiment are ap- 
proximately correct. The latent heat of fusion of ice is 80 
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calories and the latent heat of vaporisation of water is 540 
calories. Snow remains on the ground so long after a thaw, 
because almost as much heat is required to melt each gram of it 
(80 calories) as to warm a gram of water to boiling point (100 
calories). 


Cooling effects due to latent heat Practical use can be 

made of the cooling effect produced by substances absorbing 
their latent heat from their surroundings in order to melt. Cold 
drinks are prepared by putting lumps of ice in them ; every 
gram of ice absorbs 80 calories of heat from the surrounding 
liquid in melting in addition to another (say) 10 calories in being 
warmed up to the rest of the mixture. To make ice for such 
purposes and to keep food cool, refrigerators are used and their 
construction depends on the cooling effect of evaporation, 


that is, the latent heat absorbed by a 
liquid from its surroundings in turning 
to vapour. 

Expt. 22. Cooling effect of evapora- 
tion. Make a small pool of water on a 
block of wood, and stand a glass beaker 
in it (Fig. 54). Pour some ether into the 
beaker and blow air through it by means of 
glass tubing connected to air bellows by 
rubber tubing. Ether is used because it 
evaporates quickly and has a pronounced 
effect. After frost has been seen to form 
on the outside of the beaker, try to lift the 



Fig. 54. 

■ 

Water is made to freeze 
by the cooling effect of 
ether evaporating. 


vessel. It will be found to be frozen to the block, and the block 


can be lifted attached to the beaker. On breaking them apart, a 
thin layer of ice will be found between the two. Feel how cold the 
ether is. 


The various types of household refrigerators all work on 
this principle of the cooling caused by a liquid evaporating 
and absorbing heat from its surroundings. The liquids in 
common use as refrigerants are ammonia, sulphur • dioxide, 
carbonic acid and ethyl chloride. In one type of refrigerator 
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Fig. 55. How a Household Refrigerator Works. 


{By courtesy of Kelvmator Ltd.) 

(Fig. 55) in which liquid sulphur dioxide is used, a com- 
pressor A, draws sulphur dioxide gas down the tube BA , so 
that the gas is compressed in the coils of the condenser C , and 
converted into liquid. It passes as a liquid up the tube DE , 
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and is allowed to expand through a regulated expansion 
valve F. Here the pressure is much less, and the liquid turns 
to vapour in the coils of the cooling unit G ; as it does so, it 
absorbs heat from the brine in the surrounding tank. This 
brine becomes very cold and takes heat from the surrounding 
metal cooling unit, so that the latter is generally covered with 
frost. 

Trays of water can be placed by the cooling unit so that cubes 
of ice are produced for table use. The air inside the refrigerator 
circulates as shown by the arrows, so that food on the shelves is 
kept from deterioration by being maintained at a temperature 
between 40° F. and 50° F. The compressor is worked by a 
small electric motor connected to the mains, but since this uses 
very little electricity, the cost of running the refrigerator is 
extremely small. 



CHAPTER V 


TRANSFERENCE OF HEAT. VENTILATION AND 
HEATING OF BUILDINGS 

How the sun's heat reaches the earth. The real source of all 
heat on the earth is the sun, because the various forms of fuel — 
coal, wood, gas, and so on — are substances depending originally 
on vegetable life, which must have sunlight for its growth. The 
sun radiates light and heat in all directions into space ; an 
invisible substance called ether is supposed by scientists to fill 
all space, and the light and heat are transmitted by waves in 
the ether in a precisely similar way to wireless waves. The 
various forms of ether waves — heat, light, wireless, X-rays, 
ultra-violet light — all travel with the tremendous speed of 
1 86,000 miles per second just as light does ; hence it takes eight 
minutes for light and heat to reach the earth from the sun. The 
heat travels by radiatfon, one important characteristic of which 
is that it d^es not heat the medium through which it passes. 
Thus, outer space is extremely cold, and a few miles up in the 
air, there is a considerable lowering of temperature, the general 
rate of decrease being 3° F. for every 1000 ft. of ascent. This 
rate of decrease continues up to an altitude of 7-10 miles, but 
above this point the temperature is practically constant. 

The air, then, is not warmed by radiant heat from the sun, 
but when the waves fall on the earth, some are absorbed and 
make the earth warm. The warm earth then gives up some of 
its heat to the air in contact with it, and the air gets warm by 
convection, that is, there is an upward movement of warm air 
and a downward movement of cold air towards the source of 
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heat. Some of the heat received, by the earth is transmitted 
through the surface by conduction, the process by which solids 
become warm. Briefly, heat from the sun reaches the earth by 
radiation, and is further distributed by radiation, convection 
and conduction. Any source of heat loses its heat to its colder 
surroundings by these three methods. 

RADIATION 

Radiation. Any body that is at a temperature higher than 
its surroundings radiates heat in all directions. This radiant 
heat has certain characteristics. It seems to travel in straight 
lines, a fact we recognise, when we try to get into the shade 



Fir; 50 . The abso f’TioN of Radiant Heat by black and 

BltHiHT SURFACES. 


away from the sun’s rays, or when we place a screen in front of 
a fire. It has also been remarked that the radiation of the sun 
does not warm the air through which it passes, and similarly 
radiation from a fire does not warm the air of a room directly. 
When radiant heat falls on an object, some is reflected, some 
absorbed, and a little may be transmitted. All these three 
effects may occur in different proportion according to the nature 
of the surface and the object, but if one effect is very pro- 
nounced, the other two will be small. 
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Expt. 23. Absorption of radiant heat by a black and a 
bright surface* Take two small metal cans of similar size ; polish 
one brightly, and cover the other with soot by holding it in a 
candle flame. Pour exactly the same quantity of water in each, 
so that they are nearly filled and place them on stands about a foot 
apart, the height of the stands being such that the cans will be on a 
level with the flame of a bunsen burner (Fig. 56). If the stands are 
of metal, place cork mats under the cans to prevent loss of heat by 
conduction. Put a bat’s wing top on the bunsen burner, and place 
it so that it is exactly equidistant from the two cans, with the broad 
side of the flame towards them ; this is the source of radiant heat. 
At intervals of three minutes stir the water and record the tempera- 
ture. Tabulate the results thus : 



Temperature of 

Temperature of 

Time 

water in black 

water in bright 


can 

can 

Minutes 

° ( i 

°c. 

0 



3 



6 



0 


• 


Continue the experiment till there is 10° C. difference of temperature 
in the two columns. ^ 

Plot a graph showing the relation between time and temperature 
for the two surfaces. 

Radiation and absorption. This experiment shows that a 
black surface absorbs radiant heat more readily than a bright 
one. This is because a dull, rough surface does not reflect heat 
very much, just as it docs not reflect light, and so a relatively 
large proportion of the waves falling on it are absorbed. A 
bright surface, on the other hand, reflects more and absorbs 
less. Thus white clothes are cooler to wear in hot w eather than 
black, and a white building is likely to keep cooler than a dark 
one. 

A good absorber is a good radiator, so the dull black surface 
that absorbs heat well, also radiates it well, and a bright surface 
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is a poor radiator. A brightly poMshed metal tea-pot does not 
cool so rapidly as a dull one, because it does not radiate herft 
so well. 


CONVECTION 

Convection* Convection is a process in which particles move 
so that all in their turn receive heat from some body hotter 
than themselves. It takes place 
chiefly in liquids and gases, be- 
cause the particles of such fluids 
are mobile. If some crystals 
of potassium permanganate are 
dropped in a flask of water that 
is being gently heated, streaks 
of colour show that the water 
is moving up the middle of the 
flask and down the sides (Fig. 

57). This occurs because the 
water near the source of heat 
gets warm, expands, becomes 
lighter and rises, while the 
colder and heavier water sinks 
at the sides, and moves towards 
the source of heat. These streams of moving particles are 
called convection cun' nts ; eventually the whole of the liquid 
becomes warm in this manner. 

Circulation of water by convection* This movement will 
take place even when the water is in tubes and not in a single 
vessel. Fig. 58 shows an arrangement which illustrates the 
circulation of hot water in a central heating or hot-water 
system. The water in the lamp glass at the top is coloured to 
show how movement is taking place. When the flask is heated, 
coloured water is seen to flow down the bent tube into the flask, 
while a layer of colourless water collects on the surface of the 
water in the lamp glass ; this is due to warm water from the 



Fig. 57. Movement of Water 
when Heated. 
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flask rising up the straight tube and settling above the colder 
coloured water. 

In the hot-water heating system of a house (Fig. 59) a boiler 
corresponds to the flask, and a cold-water cistern in the roof to 
the lamp glass. If the system is for heating only, there is only 



Fig. 58 . Circulation of Fig. 59 . Hot Water Heating 
Water by Convection. System of a House. 


a boiler from which the hot water flows, but where the hot water 
is to be drawn off by taps it is necessary to have a hot cylinder 
storage tank connected to the boiler ; this ensures a large supply 
of hot water when required. When water is drawn off by the 
taps, cold water from the cistern in the roof enters the cylinder 
by a pipe at the bottom. Often the cylinder is built into an 
airing cupboard, and in this cupboard warm air circulates by 
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convection, particularly if a space of one inch is left between 
the shelves and the wall. • 

Circulation of air by convection* Circulation of air by con- 
vection can be demonstrated with the apparatus of Fig. 60. 
Smouldering blotting paper is held 
over the lamp glass not above the 
candle, and the smoke mixes with 
the air and shows its direction of flow. 

Convection in the air occurs as a 
result of the heating of the earth by 
the sun, and the winds are due to 
these air movements. An example 
on a small scale are the land and sea 
breezes that occur in hot weather by 
the sea. It has already been seen that 
water has a higher specific heat than land ; it is, in addition, 
a poorer absorber of heat. Hence in the day, the land gets much 
warmer than the sea ; the air above it gets warm and rises, so 
tjiat there is a sea breeze (Fig. 61). After sunset, land and sea 



Fin. 


60. Movement of Am 
when Heated. 



(i) Sea Breeze. (ii) Land Breeze. 

Fig. 61. 


radiate heat, but the land, h iving a lower specific heat and 
being a better radiator cools more quickly. The sea is then 
warmer and the convectional movement of the air causes a 
land breeze. 

More examples of convection of air will be considered in con- 
nection with ventilation. 


j.g:s. 
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-> CONDUCTION 

Conduction* Conduction is the process by which solids be- 
come heated ; the majority of fluids are bad conductors of heat. 
In conduction, the particles of the substance do not move, but 
heat is transferred from one particle to the next with which it 
is in contact ; this process continues through the substance, so 
that parts not themselves touching the source of heat yet 
receive heat from it. 

Expt. 24. Different materials conduct heat differently* 

Coat the rods of Ingenhousz’s apparatus (Fig. 62) with a thin layer 

of paraffin wax, and fix them in the corks 
in the tank. The rods are of copper, alu- 
minium, iron, lead, glass and wood. Now 
pour hot water into the tank and observe 
how the wax melts on the rods. It is left 
at a certain place on each rod and gives 
an indication of the conductivity of the 
different materials. 

Copper is found to be a better con- 
ductor than aluminium. Actually sil- 
ver is better even than copper, while 
lead and various alloys are the worst 
among the metals. Nevertheless all 
metals are good conductors and they 
therefore feel cold to the touch, be- 
cause they conduct heat away from 
the hand. Most liquids are very bad 
conductors. Gases are worse con- 
ductors even than liquids, and the warmth of an eiderdown, or 
blankets, or a loosely woven woollen material is largely due to 
the non-conducting properties of the air interspersed in them. 

Warmth of dwelling places* The warmth of a dwelling place 
largely depends on conduction through the walls. Tents used 
for camping in hot regions are made with double walls of canvas, 



Fig. 62. Ingenhottsz’s 
Apparatus for comparing 
the Conductivity of Rods 
of Different Materials. 
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so that the air space between keeps the tent cool. Most houses 
in Switzerland have double windows and doors to prevent undue 
loss of heat from the interior of the house during very cold 
weather. The walls of a house should be as non-conducting as 
possible, if the house is to be warm in winter and cool in summer. 
The conductivity of the walls depends on such factors as the 
dryness, the nature of the bricks or other building material, and 
the method of conduction ; for example, most houses now have 
their outer w alls separated from the inner by an air space. The 
problem of such construction is important from the point of 
view T of economy, because the cost of warming a house is obvi- 
ously greater if much of the heat supplied is being wasted by 
conduction through the w T alls. 

VENTILATION 

Heating and ventilation. This problem of keeping a dwel- 
ling-place warm does not exist alone, because for health and 
efficiency, a room must be adequately ventilated as well as 
comfortably warmed. A room is well ventilated when the air 
in it is fresh and pure ; the cold draughts favoured by some 
“ fresh-air fiends ” are not necessary and their chilling effect is 
as harmful as inadequate ventilation. The difficulty that arises 
is that if ventilation is good, there tends to be » great loss of 
heat, and either extra heating must be supplied to compensate 
for this w astage, or else it must be minimised by warming the 
fresh air admitted. Thus heating and ventilation are inti- 
mately connected : the amount of ventilation depends partly 
on the temperature of the room, and methods of ventilation 
often depend on methods of heating. 

Why ventilation is necessary. Good ventilation is essential 
because it prevents respiratory and other diseases, and ensures 
a greater efficiency of work. It is necessary that the air in a 
room be renewed because L gets contaminated by people 
breathing and by the combustion of fuel. It will be seen in 
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Chapter XII that air consists of a mixture of gases in the pro- 
portions ©f 20*96 per cent, of oxygen, 0 04 per cent, of carbon 
dioxide, 79 per cent, of nitrogen and a small and varying 
amount of water vapour. When the air is breathed into the 
lungs, changes take place and the air breathed out consists of 
16*4 per cent, of oxygen, 41 per cent, of carbon dioxide, 79*5 
per cent, of nitrogen and an increased amount of water vapour. 


Expt. 25. Carbon dioxide expelled during breathing. Fit 

up two flasks A and B as shown in frig. 63. Fill them half full of 
4 j lime water, a clear liquid that 

atr II m r turns milky m the presence or 

ft "" ]) (?=>-*> carbon dioxide. Breathe in and 



Kjg. 63 . Comparison or this Car- 
bon Dioxide present in inspired 

AND EXPIRED AiR. 


out by the tube at the top, so that 
inspired air is drawn through the 
lime water in A and expired air is 
expelled through that in B ; ob- 
serve which lime water becomes 
very milky. 

The burning of gas of any 
kind of fuel also^results in an 
increase of carbon dioxide and 
a decrease of oxygen. Unless 


fresh air is supplied, tjje excess of carbon dioxide in a room causes 
a feeling of stuffiness and oppression to the people in it. An 
added discomfort is due to the increased moisture when people 
are present, because of the continual evaporation from their 
bodies by means of the lungs and skin. In this way, the air of a 
room gets more and more saturated, so that normal evaporation 
from the body is checked, and since evaporation causes cooling, 
the checked evaporation makes the body feel excessively hot 
and clammy. 

A further source of impurity in the air is the presence of 
bacteria, certain of which cause disease. There are more in a 


closed room than in the fresh air, and the more dusty and dirty 
the air, the greater the number of bacteria. The bacterium 
causing the common cold has not been definitely identified, but 
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infection is caused by a person coughing and sneezing and so 
projecting bacteria into the air of a room, when they Are 
breathed in by another person. Much infection thus takes 
place in crowded and ill- ventilated public conveyances. 

A plentiful supply of fresh air is necessary to prevent ( 1 ) excess 
of carbon dioxide, (2) increased moisture, (3) increased bacteria. 

Conditions for good ventilation. It has been estimated that 
every person in a room should have an air space of 1000 c. ft. 
and should be supplied with from 2000 to 3000 c. ft. of fresh air 
every hour. The air entering the room should not move at a 
greater speed than three metres a minute or it causes a draught. 
The temperature of the air should be from lo c C. to 16° C., and 
this means there must be more windows open in hot summer 
weather than in the winter. For good nervous activity, the 
warmth at floor level must be greater than at head level, 
because when warm air is breathed, there may be congestion of 
the nasal passages and a stuffy feeling of the head. The air 
should be fairly dry, and its relative humidity as tested by the 
wet and dry bulb thermometer described in Chapter XII, 
should be about fifty per cent. 

In an ordinary room con- 
taining only a few people, such 
conditions can be achieved by 
natural ventilation, that is, a 
replenishing of the ah’ by con- 
vectional movement, and not 
by movement artificially pro- 
duced by fans. When a room 
is heated by a coal fire or a good 
gas fire, the air is kept in con- 
stant motion, impure air and 
products of combustion rise up 
the chimney, while fresh air 
enters by the window and door (Fig. 64). If a window is open 
at the top and bottom, warm impure air rises and goes out at 



Fjg. 64. Ventilation of a Room 
by Convention Currents caused 
by a Fire. 
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the top while cooler and heavier fresh air comes in at the 
bottom. In any ventilating system there must be openings so 
that such movement can occur. 

Ventilation of a large room* Where rooms are large, or a 
number of people are congregated in one room, more adequate 
ventilation is required than that obtained from a chimney, 
windows and door. 



Fig. 65. Topix Tunis Type of 
Am Inlet. 

The air pauses into tho room at 
a height of 5 ft. or 6 ft. 



Fig. 66. Incoming Air warmed 
a y \ Radiator. 

The shelf above the radiator 
prevents tho dust, in tho warmed 
air blackening the wall. 


Special outlets are wanted lor the impure air, and these may 
take the form of gratings placed near the ceiling or openings 
beneath the cornice connected either to the outside air or to the 
flues. To prevent down draughts from such outlets, they 
should have light flap valves of oiled silk, so that air can only 
pass in one direction out through them. 

Fresh air inlets should be halfway up the walls so that 
draughts are not caused at floor level. In the Tobin tube type 
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of inlet, air passes vertically up into the room at a level of 5 ft. 
or 6 ft. (Pig. 65). If the room is heated by central heating, ihe 
incoming air can be warmed by letting it pass through gratings 
behind radiators (Fig. 66). 


HEATING 


Methods of heating* The various methods of heating build- 
ings are by coal, gas and electric fires and by central heating. 
Each type of heating has its advantages and disadvantages and 
probably the ideal method of heating a house is by moderately 
warm central heating to minimise the chill of the rooms, and 
then open coal fires for appearance and comfort in sitting-rooms. 


The coal fire. The modern 
coal grate has no bars in 
front and is placed low on 
the hearth. The best radi- 
ating efficiency is obtained 
V ith a low, v ide and shallow 
fire. The fireplace is sur- 
rounded with firebrick, a 
non-conductor of heat, and 
this is inclined at the sides 
and back ; the side inclina- 
tion ensures that a greater 
area of the room receives 
direct radiation, and the 
back inclination reflects 
radiant heat back into the 
room that would otherwise 



Fkj. 07. A Model n Coal Grate. 
(By court ety of Candy d Co. Ltd.) 


pass up the chimney. The inclination of the back, further- 
more, makes the combustion of the fuel more complete because 
the hot firebrick helps to ignite the products of combustion. 


Fig. 67 shows a modern fireplace of good construction j in 
this type the actual fire is placed on blocks of fireclay and not 
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on iron bars, so that less heat is conducted away and more 
complete combustion of the fuel takes place. 

The chief advantages of a coal fire are : ( 1 ) it has an attrac- 
tive appearance, (2) it causes a circulation of air and assists 
ventilation, (3) it is the cheapest to use when a fire is required 
for a long period of time, (4) it heats the room by radiation, so 
that the air is kept cool and of the right humidity. 

Its chief disadvantages are tl*at it causes dirt and extra 
labour, and that much of the heat passes up the chimney by 
convection and is wasted. 

The gas fire* In the gas lire, a row of burners heat fireclay 
radiants and the latter on becoming red-hot radiate heat to the 
room. A good modern type of fire (Fig. 68) has two openings 



under the canopy, up one of 
which pass the products of 
combustion and up the other 
air from the room ; these 
openings join higher up, and 
the movement erf’ the air is 
thus largely due to that of 
the products of combustion. 
With such adequate ventilation 
there should be no unpleasant 
fumes from a gas fire. The 
chief advantages of a gas fire 
are that it is clean and labour- 
saving and can conveniently 
be used for short periods of 
time ; it is the cheapest form 
of fire for occasional use as, for 
example, in a dining room. 


Fir,. 68. A Modern Gas Grate with The electric fire. The heat- 


special Ventilating Opening. 


ing effect of an electric current 


will be considered more fully in Chapter IX. The heating 


elements of a fire are of nichrome wire, which is made red-hot 
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-Parabolic Well 


by the flow of electricity through it, so that it radiates heat to 
the room. A good form of mounting is shown in Fig. 69, whef*e 
the spirals of wire lie in small fire- ___ 
clay wells which assist in the radia- Heat radiated 

tion of heat in all directions. The 

advantages of an electric fire are Heat reflected 

that it is easily portable; like the u 

gas fire it is clean and labour-saving \ 

and convenient for using for short 

periods of time. Parabollc wen 

Central heating. Some form of |§11^ 0 , 

central heating is the most econo- ||||>^ 
mical method of heating large build- 
ings, because only one fire is required 
to heat the boiler. The fuels gener- 
ally used are anthracite and coke ; 
of these, coke is the cheaper to use. 

The water from the boiler circulates 
refund the house by convection as 
described on page 72, and by means 
of radiators heat is given to the 
rooms. Actually most of the heat 
given out by so-called radiators is 
by convection ; the air above them «<>. A boon Method 

becomes warm and r^ es and so by ok Mounting the h mating 
. . , . . .. .... . Elements of Elected* K i lies. 

conventional circulation of the air, (By courtr8y of Bellwo * Vo) 

the heat is distributed through the 

room. This method has the disadvantage that an atmosphere 
of warm air is not hygienic and tends to cause a feeling of 
stuffiness. Consequently the more modern forms of central 
heating attempt to obviate this by arranging behind walls and 
ceilings hot water pipes in which water circulates at only 
80° 90° F. The heat then passes mostly by radiation from the 



Parabolic Well 

Fig. 69. A good Method 
ok Mounting the Heating 
Elements of Elected’ Kikes. 
(By covrtegy of Belling d- Co ) 


large areas of surface so heated. Fig. 70 shows a room in which 
there is such a heating arrangement behind oak panels. 




Fio. 70. Room fitted with Ideal Rayead. 


There are hot water pipes behind the oak panelling. 


{liy courtesy of the National Radiator Co. Ltd.) 


/ 

A similar type of continuous warming of large buildings can 
be obtained • electrically by tubes or panels containing heating 
elements, which work at a much lower temperature than those 
of electric fires. The latest form of low temperature panel con- 
sists of a flexible fabric containing a net of resistance wire. 
This fits over the surface of the ceiling and works at a tempera- 
ture of between 80° and 100° F. 






CHAPTER VI 


LIGHT AND SOUND PROPAGATION. ECLIPSES. 
REFLECTION. ECHOES. ACOUSTICS 

Light and sound* It has already been seen that light, like 
heat and wireless, consists of ether-waves. These waves are of 
various lengths (Fig. 71) and the values for wireless waves of 
several hundred or a. thousand metres are familiar to everyone. 
Light waves, on the other hand, have a very short wave-length 
of only a few hundred -t housandths of a centimetre. When they 
fall on the retina, a network of sensitive nerves at the back of 
the eye, a sensation of light is produced, or if the waves fall on 
a photographic film or a green leaf, a chemical effect occurs. 

Sound also consists of waves, but their nature is very different 
from that of light. A sound is produced when a body vibrates ; 
if a sounding tuning-fork or bell is held against the lips, its 
vibrations can distinctly be felt. Sometimes the vibration is 
rough and irregular as when a book falls to the grofmd, and the 
sound is then describe 1 as a noise : sometimes it is regular and 
harmonious, as when a violin string is plucked, and it is then 
called a musical note. The more rapid the vibrations, the 
higher the pitch of the note. The vibrations to and fro of the 
body producing the sound stir the particles of air in contact 
with it, and in this manner, waves of sound, consisting of a 
similar movement of particles of air, travel out in all direc- 
tions from the sounding body. 

Light, then, is of a type of ether-waves known as electro- 
magnetic waves, which can travel through space at a tremen- 
dous speed ; sound consists of vibrations in the air or some 
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other kind of matter, and such waves travel comparatively 
slowly. Sound can only travel if there is a material substance 

ETHER WAVES 

Waue Lengths 


Ultra-Violet Rays 


Solar Spectrum 


Infra-Red Rays 



RAYS GIVEN OFF BY RADIUM 
AND SIMILAR SUBSTANCES 


t 


INVISIBLE PHOTOGRAPHIC 
RA KS 


VISIBLE LIGHT RAYS 


INVISIBLE HEAT RAYS 


Short Her/ian Waues 


Ultra Short Wireless 


Short Waue Wireless 


Medium Wane Wireless 


Long Waue Wireless 


> WIRELESS WAVES 


Fig. 71 . A Table showing the various kinds of Ether-waves. 


to transmit the waves : it cannot pass through space. Hence 
if there were tremendous noises due to disturbances on the sun. 
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we should not hear them, although we could continue to see the 
sun and feel its warmth. The light and heat would reach us, 
but not the sound. 

Difference in speed of light and sound waves* In Chapter I, 
it was seen that the great distances between the earth and the 
stars makes it necessary to measure in light-years, that is, the 
distance light, travelling at 186,000 miles per second, can travel 
in one year. Even so, light may take thousands of years to 
pass from a star to the earth. But on the earth itself, 
distances are negligible compared with the immensities of 
interstellar space, and the speed of 180,000 miles a second 
means that light seems to pass instantaneously from cue point 
to another. If a gun is fired a mile away from an observer, 
the light of the flash takes only ygeVoo °f a second to travel 
to him, so he may be said to have seen it instantaneously. 
Sound, however, only travels at about 1100 feet per second 
in air, so that the sound of the shot would take or 

nearly five seconds, to travel the distance of one mile to the 
observer. He would, therefore, sec the flash, and hear the 
sound of the shot five seconds later. 

Many examples of this phenomenon occur in everyday life. 
Unless a thunderstorm is immediately overhead, there is an 
interval between the lightning and the thunder, although the 
thunder, which is the crackling noise of the electric spark, 
actually occurs at the same time as the flash. If a cricket 
match is being watched from some distance away, the bat is 
seen to strike the ball a second or two before the sound of the 
impact is heard, and a similar effect occurs with a golf ball. 
At a Military Tattoo, when soldiers are marching with a band, 
they appear to be out of time with the band as they recede, but 
actually their movements are being seen practically at the 
instant they occur, while the sounds of the band take an 
appreciable time to reach the onlooker. 

Sound waves in different media* Sound travels through 
water and other liquids at a much greater speed than through 
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air. This can be demonstrated by listening with one ear at a 
long stretch of iron railing while a friend strikes the railing 
sharply some distance away. The sound is heard twice ; first 
by the ear that receives it through the railing, and later by the 
ear listening in the air. The earth is a very good medium for 
transmitting sound, and everyone knows the device so popular 
in Red Indian games of listening for footsteps with an ear to 
the ground ; they can be heard even when a great distance away. 
A simple experiment to illustrate the same point is to place a 
watch at one end of a long rod (Fig. 72) ; it can be heard ticking 



Fig. 72. How a Watch can be heard ticking through a 
Wooden Rod. 

through the wood even although it cannot be heard at the same 
distance away in air. In the same way, the water pipes of a 
house often carry sound and a “ hammer ” is heard in them 
when a tap is opened and closed in another roojn. 

Variations of intensity of light and sound. In the case of 
both light and sound, the intensity diminishes considerably 
with distance from the source, because the energy of the waves 
travelling out in all directions must be spread over so much 
greater a surface. The intensity at a particular point depends 
on two things — (l) the illuminating power of the source of 
light or the loudness of the sound, and (2) the distance of the 
point from the source of light or sound. 

The illuminating power, or candle-power, of a light is judged 
by the light it gives out compared with a standard candle , that 
is, a candle made of spermaceti wax burning 120 grains per 
hour. Actually, nowadays, lamps are compared, not with a 
candle but with a standard pentane lamp, which is equal to 
10 candles. Thus a 100 c.r. electric lamp is one which gives 
out ten times as much light as the 10 c.p. standard lamp. The 
loudness of a sound depends on the amplitude of vibration of 
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the sounding body, that is, the extent of its motion from its 
position of rest. Thus a violent vibration produces a loud 
sound, but it must be remembered that the rapidity of a 
vibration determines the pitch of the note, and not its loud- 
ness. 

However, the intensity of light or sound depends on distance 
as well as on the brightness of the light or the loudness of the 
sound. The intensity of illumination of a surface by light is 
measured in foot-candles , 1 foot-candle being the illumination 
produced on a white screen held vertically at a horizontal 
distance of 1 foot from a standard candle. Illumination de- 



• Fig. 73. When the Distance of a Screen from a Lamp 

IS DOUBLED, THE SAME AMOUNT OF LlOHT HAS TO TLI/TTMINATE 
FOUR TIMES AS GREAT AN AREA. 

creases very much with distance, because if a screen is moved 
twice as far away from a lamp the same amount of light has to 
illuminate four times as great an area (Fig. 73). (It* is assumed 
that light travels in st: .ight lines ) Thus a 10 c.p. lamp placed 
1 foot from a white screen produces 10 foot-candles of illumi- 
nation, but if moved to a distance of 2 ft., it only gives a quarter 
of that illumination, that is, 2*5 foot-candles. To avoid eye- 
strain there should always be 3 foot-candles of illumination in 
a sitting room where people are reading. For dark needlework 
at least 8 foot- candles are required and preferably an extra 
lamp should be placed near the needlewoman. 

The variation in the intensity of sound depends on weather 
conditions as well as on distance ; temperature, wind and fog 
affect the speed and intensity of sound. 
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Rectilinear propagation of light. In Fig. 73 it was assumed 
tehat light waves seem to travel in straight lines. A beam of light 
from the sun or in a cinema always looks straight, but actually 
the light itself is invisible, and the path of the light is only seen, 
because of the reflection that occurs from particles of dust in 
the beam. If cigarette smoke is blown into the beam, the path 
of the light becomes still more visible. 

Expt. 26. Light travels in straight lines. Take three cards 
and pierce a fine hole in each. Attach them with rubber bands to 
blocks of wood, so they are supported vertically. Place a lighted 



Fig. 74. Light travels in Straight Lines. 

candle in front of the first card, place the other two so that the holes 
are in a straight line, and look through at the ligjit of the candle 
(Fig. 74). Move the middle card to one side, and note that the light 
can only be seen when the holes are in a straight line. 

These straight p^ths along which light waves travel are 
called rays of light. When a ray seems to be visible it is because 
we can see dust particles among which the wave of light 
follows a straight course. 

A difference that occurs with sound w aves, is that they behave 
differently from light by bending round when they encounter 
an obstacle in their path. If a bell and an ear w r ere substituted 
for the lamp and the eye in Experiment 26, the sound of the 
bell ringing would reach the ear, because some waves might 
bend round the screens, or be reflected back from the walls 
nearby. Two people on opposite sides of a wall can talk, al- 
though they cannot see each other. 

Shadows. One consequence of the propagation of light in 
straight lines is the formation of the shadows. Rays of light 


SHADOWS 


8S> 

coming from a luminous body do not bend round on meeting 
an obstacle, and so there is a region behind it where there isVio 
illumination, and this is called umbra or total shadow. Other 
places will receive partial illumination, and such a region is 
called penumbra or partial shadow. If an eye is placed in the 
umbral region, the source of light cannot be seen, but from the 
penumbral region it is partly visible. 

Expt. 27. Variation of umbra and penumbra of shadows* 

Use a. small round tin lid as an obstacle. Take two cardboard 



Obstacle Screen Appearance 
of Shadou/ 

Fjcj. 75. The Umbka and Pknumbka of two Shadows. 

screens : in one, make a very small hole, and in the other a hole 
bigger than the obstacle. Support the screens in turn in front of 
an opal electric lamp, and place the obstacle and a plain screen at 
suitable distances awe \ Observe the variation in umbra and pe- 
numbra of the shadows in the two cases as the screen is moved. 

The effect is shown by the ~ays coming from extreme points 
of the source of light. In Fig 75 (i) it can be seen that umbra 
and penumbra increase as the screen is moved away, the 
penumbra more rapidly. In Fig. 75 (ii) the umbra decreases, 
while the penumbra increases. 

Eclipses* The most interesting examples of such shadows 
are the eclipses of the moon and of the sun. Both kinds of 
eclipse are caused by shadows ot the second type just described, 
because the source of light, the sun, is much larger than the 
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obstacle, whether it be the earth or the moon. When the 
moon passes into the shadow of the earth, an eclipse of the 
moon occurs (Fig. 76) and this is total or partial according to 
whether the moon is in the umbral or penumbral shadow ; more 



Fig. 76 . Eclipses of the Moon — partial and total. 


often it is the latter. The eclipse can only occur at full moon 
when the moon is on the side of the earth remote from the sun. 

An eclipse of the sun occurs when the moon passes between 
the sun and the earth (Fig. 77), so that regions in the umbral 
shadow experience a complete eclipse of the sun, and those in 
the penumbral shadow can always see part of the sun. In 



places of total eclipse, at the time when the moon completely 
covers the sun, unusual phenomena such as crimson flames, and 
a silvery aura, called the solar corona, make a unique spectacle. 
Astronomers find a total eclipse valuable for studying effects 
that cannot be viewed under ordinary conditions of sunlight. 
The solar corona, for example, can only be observed during a 
total eclipse of the sun. 


REFLECTION 

Reflection. When light or sound fall on a surface some may 
be absorbed, but with certain surfaces, nearly all is reflected. 

Expt. 28. Reflection of light and sound. Take two long 
tin tubes about 4 ft. long and 3 in. in diameter and set them in 
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stands making an angle of about 120° with each oilier Where they 
meet, place a polished metal sheet, and at the end of one set up an 
electric lamp (Fig. 78). Look along the second tube, and adjust the 
position of the metal sheet, so that the lamp is viewed by reflection. 
Note the inclination of the tubes with regard to the reflector. Now’ 
substitute a wabh for the lamp, and listen at the second tube. Even 
if the watch can be heard directly the sound of the ticking is much 
more distinct when the reflector is in position. 

Next place the tubes in a straight line end to end. The watch 
cannot be heard at a distance of 8 ft. in the air, but when placed at 
one end of the tubes, it can be heard clearly at the other end. 

•The last part of the experiment illustrates the principle of a 
speaking tube or a megaphone ; repeated reflections from the 
walls of the tube prevent the sound waves spreading and con- 
centrate them in one direction. In a large church a sounding 
board is often used above the pulpit ; this reflects the sound 
waves down so that a greater concentration of waves reaches 
the congregation. 

Both light and sound are reflected regularly from a smooth 
surface at an angle equal that at which they strike the 
reflecting surface. This can he shown more ac curately with 
light by using actual rays and a mirror. 

Expt. 29. Reflection of light and position of the image 
formed. Set up a plane mirror vertically on a sheet of pa}>er. 
Arrange a metal filament lamp behind a narrow’ slit in a metal screen 
to obtain several rays of light across the paper. W T ith a pencil mark 
the position of the mirror and tne direction of the rays before and 
after reflection. 
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A line at right angles to the mirror at the point where a ray strikes 
the mirror is called the normal ; the ray of light is the incident ray 
and the reflected one traced out is the reflected ray. Draw in 
normals on the drawing paper and measure the angles between the 
incident ray and the normal and the reflected ray and the normal. 


Mirror 



Normal 

Fig. 79. The Aw.le of Incidence of a Ray of Light is 

EQl'AL. TO THE ANGLE OF KlJ II. EOT ION. 

i.r. the angles of incidence and reflection (Fiir. 70). Tabulate the 
results in two columns : 

Angle of I Angle of 

mcidonoe i reflection •> 


i 

i 

f* i 

The numbers, in both columns should be equal. 

Produce the lines of two reflected rays back to intersect behind 
the mirror. The point of intersection shows where the image of the 
slit appears to be when viewed in the mirror. Drop perpendiculars 
from the point to the line of the mirror, and from the point where 
the incident rays emerge from the slit. Measure these distances. 
They should be approximately equal. 

This experiment verifies the laws of reflection of light w hich are 
(i) the incident ray , the normal and the refected ray all lie in the 
same plane, and (ii) the angles of incidence and reflection are equal. 

Image for med by plane mirror. When an image is seen in 
a plane mirror, it appears to he behind the mirror. It is called 
a virtual image , because no rays actually pass through it ; the 



REFLECTED IMAGES 


93 


reflected rays merely seem to come from it when they enter 
the eye from that direction. Experiment 30 showed that Vie 
image is as far behind a 
plane mirror as the object is 
in front. Knowing this fact 
it is quite simple to draw a 
diagram to show how an eye 
observes the image. In Fig. 

SO the object is shown, and 
then the image is placed at 
an equal distance behind 
the mirror. Divergent beams ^ 

of light which seem to come Image Object 

from the image are shown 
entering the eye, but actually Mirror 

such beams have come from Kkj. so Row a\ Imauk is seen 
the object and been reflected. ,N A pLANE Mikhou 

One curious effect produced in a mirror is that of lateral 
inversion. If a girl parts her hair on the right hand side, she 

will find that the reflection she 
views in the mirror has hair 
parted on the left ; ii she raises 
her right hand, the image in the 
mirror raises her left. If print- 
ing is held in front of a mirror 
all the letters seem to be turned 
round as in Fig. 81. 

Diffused reflection. Objects 
are visible in the w orld around 
us, solely because light is re- 
flected from them into our eyes. 

T T If, however, the reflection were 

Lateral Inversion. 7 . 

ot the regular kind already con- 
sidered, things could only have been seen from one position, 
that is, from the direction of the reflected beam (Fig. 82 (i)). 
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Actually, however, owing to the roughness of the surface of 
mist objects, light is diffused or reflected irregularly as shown 




in Fig. 82 (ii). It still follows the laws of reflection, but owing 
to the rough surface, each ray has a different angle of incidence 
and so all the angles of reflection vary and the rays are scat- 
tered. This effect may be produced even in transparent 
substances, as for example, when a halo is seen round the 
moon, because the moonlight is reflected in a scattered way 
from tiny drops of ipater in the air. 

This principle of diffusion is of prac- 
tical value in all modern methods of 
indirect lighting of buildings. When the 
light of a lamp is concentrated over a 
very small area, it may be so bright as to 
produce a blinding effect known as glare ; 
the filament of an electric lamp, for ex- 
ample, is dazzling if looked at directly, 
and such glare is injurious to the eyes. 
Modern designs in lighting aim, therefore, 
at distributing and diffusing the light so 
that it emanates from a fairly great area evenly. The china and 
alabaster bowls placed under gas and electric lights (Fig. 83), 



Fig. 83. Ax Alabas- 
ter Bowl for juj ’.fus- 
ing Light. 
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diffuse the light most effectively, and since some of the light 
is reflected up to the ceiling from where it is reflected do&n 
again to the room a good distribution of light is obtained. 

Echoes* It has been seen that sound waves are reflected 
similarly to light waves. If a sound w’ave falls perpendicularly 
on a large flat surface, it is reflected back along its own path, 
because both the angles of incidence and reflection equal zero. 
In such a case, the slow speed with w hich the sound travels will 
cause an appreciable time to elapse between the original sound 
and the arrival of the reflected wave, and so an echo is heard. 
To obtain a good echo, a perpendicular w all or cliff is necessary 
to ensure reflection back along the same path and also the 
source of sound should be sufficiently far from the reflect- 
ing surface foi the original and reflected sounds not to be 
confused. 

If a person standing 100 ft. from a cliff calls out, the sound 
has to travel 100 ft. to the cliff and 100 ft. back again, making 
200 ft. in all. Since sound travels at 1 100 ft. per second, it will 
cover this distance in about J of a second. A good echo w r ould 
not be obtained at much less a distance. 

The variation in the sound of a car wiien going across an open 
moor and between high walls is due to the reflection of sound 
weaves ; between walls there is much more noise than in the 
open. There is a similar difference when a train is on an 
embankment and in a tunnel. The sound of a church bell 
will sometimes seem to come from quite the wrong direction 
if it is reflected from the wal 7 -: of the houses. 

Acoustics* The reflection c f sound from w alls is of the utmost 
importance in the construction of large halls and buildings. 
Everyone is familiar with the loudness and resonance the voice 
seems to have when anyone sings in his bath ; the bare w r alls 
of a bathroom are excellent reflecting surfaces, and the sound 
echoes to and fro. An expanse of bare walls in a church or a 
large hall may cause inconvenient echoes to a speaker. The 
broadcasting rooms of the B.B.C. are specially designed to meet 
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Fig. 84, A Mr-mion or trkating Studio Wai.ls with Sognd-alssokhtng 
Wool to m\kk thkm ai’ointicauv Ck Okad." 

* ( fin courti'fn/ of the H Ji C ) 


this difficulty and some, such as that from which news is broad- 
cast (Fig. 84), arc made acoustically "dead ", that is, there is 
no echo whatever in them ; others, such as the concert hall, 
have a comparatively long echo period. 

Often in a large hall, a microphone is placed in front of the 
speaker, so that the sound is transmitted electrically to the loud 
speakers in the hall. The principle is somewhat similar to that 
of the telephone as explained in Chapter VIII. The loud 
speakers are placed in such position that echoes are avoided, 
but a little distortion of the voice seems unavoidable. 


CHAPTER VII 


REFRACTION OF LIGHT. LENSES. CAMERA. 
EYE. SPECTACLES. COLOUR. RAINBOW 


Refraction* The twinkling of a star, the apparent bending 
of a stick in water, the wavy appearance of objects seen over a 
hot tarred road, are phenomena due to the bending, or re- 
fraction, of rays of light when passing from one transparent 
medium to another. In one particular medium, the light 
travels in straight lines, but if it passes to another of different 
density — in the case of the star and the road, a variation of 


eold and warm air — it bends at 
five surface of separation of the 
two media, and then goes straight 
on again in the second medium. 

Expt. 30. Refraction of light on 
passing from air to glass. Place a 
slab of glass oil a sheet of drawing 
paper, and let rays of light obtained 
as in Experiment 29, pass through 
it. Mark the position of the glass on 
the paper, and a particular set of in- 
cident and emergent rays, EF and GH 
(Fig. So). Remove the glass and join 
up the points F and G where the ray 

enters and leaves the glass. EF is ]M , NT , )N 1>ASSINU THKOlr(iH x 
an incident ray and FG is a refracted OK cjlass. 

ray in the glass. Through F dra*.' 

a normal NFK. Then EFN is the anyte of incidence and KFG is the 
angle of refraction. Measure these angles. With centre F and any 
radius, draw a circle cutting the incident ray at L and the refracted 
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rav at M. From L and M, drop perpendiculars LO and MP on to 
the normal. Measure LO and MP. Carry out a similar construction 
and measurement for rays incident at different angles. Tabulate 
results thus : 


Angle of 

Angle of 

LO 

MP 

LO 

incidence 

refraction 

MP 



cm 

cm. 



The experiment shows that for rays passing from air to glass 
the angle of refraction is smaller than the angle of incidence, 
i.e. the rays are bent towards the normal. The direction of the 
rays could be reversed and then rays passing from glass to air 
would be bent away from the normal. The ray is always nearer 
the normal in the more dense medium. 

The numbers in the last column in the experiment should be 
a constant and equal to 1 -5. Such a constant is the refractive 

index for any given substance. Thus 
for glass, its value is I f) or 3 : for 
water it is IX) or *. 

Real and apparent depth* Al- 
though rays of light are bent in 
this fashion, the eye cannot be 
aware of it, and if light enters the 
eye from a certain direction, the 
object appears to be in that direc- 
tion. In this way, an illusion is 



Fig. 8(>. A Ponj> appears moke 
SHALLOW TUAN IT REALLY IS. 


created, and a pond seems to be 
more shallow than it actually is 


(Fig. 86) ; rays from objects at the bottom of the pond are 


bent away from the normal on passing into the air, and the 


direction in which they enter the eye makes them appear 


higher up. Thus a stick appears bent because the bottom of 
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it seems to be raised. If a penny is placed in such a position 
in a trough so that it is hidden by the edge of the bowl whdh 
it is empty, it becomes visible when the trough is filled with 
water. The glass slab used in Experiment 30 may be placed 
with its shortest side on some printing ; on looking down 
through it, the words will seem to be very much raised. There 
is a definite simple connection between real and apparent 
depth. It is that : 


real depth 


* = refractive index. 


apparent depth 

For water this is 3 , so that a pond 4 ft. deep appears to be 
only 3 ft. deep, that is, three-quarters of its actual depth. 

Critical angle. It has been seen that rays emerging from a 
dense to a less dense medium 
as, for example, from glass to air, 

are bent away from the normal. 0 £meygent ray 

At a certain value for the angle " S N° t razea surface 

of incidence, (the critical angle), /J 

the angle of refraction will be / 

90°, and the emergent ray will /critical 

just graze the surface of separa- / AngIe 
tion of the media (Fig. 87). For 
glass the critical angle is 42* and , J** £ 
for water 49°. Rays that strike <;le emekoes at an ancle ok 
the surface at an angle greater Ri:1KA<TION or 1H)C ' 
than the critical angle do not pass out, but are totally re- 
flected ; the surface acts as a perfect mirror. 

This effect can be seen very simply. If a sixpence is placed 
in a tumbler of water, and the tumbler is held up in a good light, 
so that the under-surface is viewed obliquely (Fig. 88 (i)) an 
image of the sixpence can be seen reflected in a surface that 
shines like mercury. Rays that should emerge from the water 
to the air are incident at an angle greater than 49° and are 
totally reflected. An optical illusion of a test tube appearing 


Fio. 87. A Hay* incident on 

•\ SCiU ACE AT THE CRITICAL An- 
(ILE TOTEHOES AT AN ANCLE OK 
Reek action OK 1H) C . 
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to be full of mercury may be achieved by placing an empty test 
tube in a beaker of water (Fig. 88 (ii)). In this case the brilliance 



Fie. SS. Optical Illusion's dtk to Total RrcFLKCTroN. 


Mirage* A mirage sometimes seen in England [s the illusion 
of pools of water on the road ahead" when motoring in very hot 
weather. The effect is due to a layer of warm air (a less dense 
medium than cooler air) remaining near the hot road, so that 
oblique rays of light ai& totally reflected at the surface of separa- 
tion of this and the colder air above ; consequently the motorist 
sees the shining effect of water. Such layers of air frequently 
move, and the different refractivity of the various streams of 
air results also in the wavy appearance of objects seen through 
them. The mirage seen in the desert is similar to that on the 
road ; the hot sand has a layer of hot air in contact with it, 
which causes total reflection, and movements of the air may 
cause weird images which appear to be palms and ripples on 
the water. 

Prisms* The rays of light traced through a slab of glass in 
Expt. 30 were bent on entering and leaving the glass, but their 
final direction was parallel to the original one. With a prism 
the effect is different. 
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Expt. 31. Refraction of light by a prism* Set up apparatus 
as in Experiment 30, but trace the path of rays of light through 
prisms of different angles. Note that the rays are slightly coloured 
on emergence. Take a prism with angles of 45° and try to find 
positions in which total reflection of light occurs. 

In every case, light is bent towards the base of the prism. The 
angle of deviation (EFC in Fig. 89) is the angle between the 



Fkj. 8!'. Kkkkaotjon or Ljuht uv Pkismn. 


incident ray and the emergent ray, and this is greater with a 
prism of greater angle. The effect of colour seen in the emergent 
ray will be discussed more fully later in the chapter. A prism 
with angles of 4.3° can be used for the total reflection of light 



I (i) (ii) 

Fks. 90. Total Kei lkcth \ of Lk.iit by a Pkis.m 
(i) tiikok.h !M)'. (!■’ Tnnoron !HU“. 


at 90° and 180 u (Fig. 90) and prisms are used in this way in 
periscopes and prismatic binocular field-glasses. 

Lenses. Everyone is familiar with the lenses used for spec- 
tacles or magnifying glasses ; they are pieces of glass with 
curved surfaces. Their action on rays of light may be under- 
stood by regarding t hem as being built up of parts of prisms. 
A converging (or convex) lens is thicker in the middle and the 
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angles of the prisms increase towards the edges (Fig. 91 (i)). 
Thus, if a number of rays are refracted towards the bases of the 
prisms, those at the edges are deviated most and bend inwards, 
while a ray at the centre meets a parallel -sided piece of glass 
normally and goes straight on. Thus all the rays converge and 
pass through a certain point. If the incident rays are parallel 
this point is called the principal focus (F) of the lens (Fig. 91) ; 
its distance from the centre of the? lens is the focal length. 



Fio. !H. Parm.lei. R\ys ialltng on (i) A Oovvrciuifiru Lens. 

(ii) A DivKituiNU Lens, ‘ 

A diverging (a concave) lens is thinner in the middle, and 
the prisms are arranged with their bases outwards (Fig. 91 (ii)). 
Thus lays of light are deviated outwards, and diverge after 
passing through the lens, in this case, parallel incident rays 
only appear to have passed through the point that is the focus 
of the lens (Fig. 91 (ii)), and like the image in a plane mirror, 
the point is virtual or unreal, because rays do not actually pass 
through it. 

To obtain a parallel beam of light the sun’s rays may be used. 
These can be considered parallel, because any that diverged 
would not strike the small area of a lens after travelling 93 
million miles ; they would be miles apart by the time they 
arrived. Thus the small beam used can be considered parallel. 

Expt. 32. Focal length of a converging lens. Take a lens 
out-of-doors and move it about until an image of the sun is formed 
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on a screen held a short distance from it. If the sun is hidden, 
obtain an image of the clouds instead ; they are sufficiently distar$ 
for rays from them to be approximately parallel. Measure the 
distance from the lens to the screen, that is, the focal length of the 
lens. 

Images formed by a converging lens* If a converging lens 
is moved about, it will soon be found that the images made by 
it on a screen vary with the position of the object. 

Expt. 33. Variation in nature and position of image formed 
by a converging lens* First find the focal length of a converging 
lens as in the previous experiment. Let this be a distance/. Place 
the lens in a holder and arrange a candle on one side of it as object 
and a screen on the other side. Adjust the distance between the 
candle and the lens, so that it is more than twice the focal length, 
that is, greater than 2 f, and similarly for the other distances in the 
table below. Move the screen until a well-defined image is obtained 
in each case ; measure its distance from the lens and express the 
distance in terms of /. The results should be as shown in the table 
below. 

In the last ease, when the candle is at a distance less than the focal 
length of the lens, remove the screen and look through the lens to 
observe the image. It- wull be seen erect and magnified ; the lens 
acts as a magnifying glass as shown in Fig. 92. 


Focal Length of Lens = cm. (/). 


Distance of object 

pittance of image 

Description of image 

Greater than 2/. 

% 

Between 2/ and /. 

At/. 

Less than /. 

Between /and 2/. 

2/. 

Greater than 2/. 

No image. 

No image on screen. 

| i 

Real, inverted, dimin- 
ished. 

Real, inverted, equal. 

Real, inverted, en 
larged 

Parallel rays. 

Virtual, erect, en- 
larged. 


All the images obtained on the screen are real, because rays 
actually form the image in that position. In the last case, no 
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image is formed on the screen because the object is so close 
6hat rays diverge on emerging from the lens ; they only appear 
to come from the image and so it is a virtual one. If the ex- 
periment were performed with a diverging lens, all the images 
would be of this latter type, because the emerging rays always 



Fig. 02 . Diagrams to show thk Formation of Images 
by a Converging Lens. 


diverge. No images can be obtained on a. screen, but on looking 
through the diverging lens, erect and diminished images can 
be seen. 

Geometrical construction to obtain position of images. The 

position of images can be found by a graphical construction. 
Everv lens has a principal axis, that is, the straight line drawn 
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through the centre of the lens perpendicular to both its spherical 
surfaces. Now two important facts are known : 9 

(1) that ray parallel to the principal axis passes through the 

focus on emerging from the lens ; ^ 

(2) that a ray passing through the centre of^lens goes straight 

on without deviation. 

When such rays pass through the ends of an object, their direc- 
tion on emergence is known, and where they intersect must be 



Fig. 93. Graphical Method of solving Problems on Lenses. 

Tii (i) the position and size of the image IM is found, the object 
OB and the focus F ! > mg known. In (n) the focal length of a 
diverging Ions which will enable a short-sighted eye to see an 
object OB m the position of the image IM. 

the position of the image. A set of diagrams can therefore be 
made to illustrate the last experiment (Fig. 92). If actual 
numerical values are given for distances, problems on lenses 
can be solved by using squared paper, and carrying out con- 
structions in which use is made of the two special rays men- 
tioned above. In Fig. 93 (i) the position and size of the image 
formed by a magnifying glass is found, and in Fig. 93 (ii) the 
focal length of a diverging lens required to correct short sight. 
In the latter case, the position and size of the object OB is drawn 
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in first and then the ray bp indicates the size of the image Ml 
at 15 cm. from the lens. The ray BR parallel to the principal 
axis would appear to come from M, so that RM produced back- 
wards, gives the position of the focus. 

The camera* In the camera, a converging lens is used to 
form real, inverted, diminished images on a sensitized plate or 



Fig. 94. A Modern Camera. 
(By courtesy of Messrs. Kodak , Ltd ) 


film. The latter are coated with a special coating of chemicals 
which are affected by light, so that in the parts of the image 
that are brightest and where there is the greatest intensity of 
light, the greatest chemical change is produced. When the 
photo has been taken, further chemical changes are produced 
by developing and “ fixing ” the film ; it then ceases to be 
affected by light, and can be placed on sensitive paper, so that 
photos can be printed from it. 
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To obtain a sharply defined image, the lens can be adjusted 
at various distances from the film by means of bellows. The 
further away the object, the nearer the image is to the lens, 
and so the bellows must be more closed. There is, therefore, a 
pointer on the side of the bellows, which moves over a hori- 
zontal scale indicating various distances of the object corre- 
sponding to certain positions of the bellows and lens (Fig. 94). 
The definition is still further improved by a stop placed in 
front of the lens ; this is a metal plate with a circular hole, 
the size of which can be made to vary. The stop improves 
the definition of the image by cutting off all but the central 
rays ; the rays passing through the edges of the lens are 
refracted more and come to a slightly different focus thus 
making the image slightly blurred. Since the stop also cuts 
off some of the light it must be varied according to the bright- 
ness of the day. 

Expt. 34. Effect of the stop of a camera lens* Cut a hole 
2 inches square in a cardboard screen and fix a piece of wire gauze 
ower it. Place a lamp behind to illuminate it. Set up a lens so that 
a diminished image of the gauze is obtained on a screen. Now cut 
holes of various sizes in pieces of black paper to act as stops to the 
lens. Note their effect on the brightness and definition of the image. 

Until a photo is taken, the camera is in darkness and a 
shutter covers the lens. The timing arrangement c*an be set, so 
that this is released tor - x 0 - or second, or any exposure 
suitable to the brightness of the day. Too short or too long 
an exposure will cause too faint or too pronounced an effect on 
the sensitized film. 

The preliminary adjustments that must be made before a 
photo is taken are the setting of the bellows, the adjustment of 
the stop, the fixing of the time exposure and the arranging of 
the view' by means of the view finder (generally a lens and a 
prism reflecting light at 90°). 

The eye* The eye is a naturai optical instrument similar in 
type to the camera. It is encased in a hard w r hite substance 
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called the sclerotic ; the front part of this, the “ white of the 
eyo ”, is transparent and is called the cornea . Light enters 
the eye through the pupil, and the crystalline lens (Fig. 95) ; the 
pupil acts like the stop of a camera in regulating the amount 
of light that passes through the lens, but its adjustment is auto- 
matic, and the pupil can be seen to get smaller or bigger in its 
surrounding iris, according to whether a bright or a dull surface 
is being viewed. In front of the fens there is a transparent 
fluid called the aqueous humour , and behind it in the eye itself, 
a transparent jelly-like substance called the vitreous humour. 



By means of the lens, images are formed on the retina , a 
sensitive network of nerves at the back of the eye. Undue 
brilliance of the image which might injure these nerves is pre- 
vented by the action of the pupil. The image impressions re- 
ceived by the retina are conveyed by the optic nerve to the 
brain. It has been seen by experiment that the real images 
produced must be upside-down, but the brain is accustomed 
to interpret the sensations received as views of upright 
objects. In order that objects at different distances can 
be seen distinctly and a well-defined image obtained on the 
retina, the focal length of the lens can be altered by the 
ciliary muscles contracting and making the lens thicker in 
the centre, thereby strengthening it. If this natural adjustment 
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is lacking, there is defective vision, and correction by spec- 
tacles is necessary. • 

The impressions made on the retina last for a small fraction 
of a second. This persistence of vision explains the apparent 
motion seen in a cinema film. Actually pictures of people in 
slightly different positions (Fig. 96) are thrown on the screen 
in rapid succession, and as the images produced on the retina 



Fig. 96. Portions of Two Cinema Films, 
showing the forms of “ sound’ track ” generally iiacnl : 

(a) vanV io aiea, (b) variable density. 

(By courtesy of the (General Elednc Co , Ltd.) 

persist so that they merge into one another, there is an effect 
of continuity of motion. 

It is possible to judge distances with the eyes, because with 
two eyes , each eyeball turns so that its axis (the line joining the 
centre of the retina to the centre of the lens) is directed towards 
the object. This movement is made by muscles, and the im- 
pression of distance is gained by the strain on the muscles. If 
these muscles do not act normally, a person may squint. The 
necessity of having two eyes to judge distance can be tested by 
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covering one eye, and then attempting to pick up quickly an 
object some feet away. A further advantage of two eyes is that 
the solidity of the object is better realised ; this can be seen 
by holding a book with its edge towards the eyes, and looking 
at it with one eye closed and then the other. The view obtained 
in either case is much less complete than when two eyes are used. 

Spectacles* Defective sight may be due to faulty eye lenses 
and muscles or to eyeballs which ar& too long or too short. For 
a perfectly normal eye at rest with the ciliary muscles relaxed, 
parallel light should come to a focus on the retina (Fig. 97 (i)). 



(i) 


Fui. 07. In the Normal Eye (i) Parallel Light is focussed on 
the Retina. In the Long-sighted Eye (n) and the Short- 
sighted Eye (hi). Lenses most be used to aid the Eye«Lens. 


When nearer objects are in the field of view, the lens is made 
stronger by the ciliary muscles, so that images, instead of falling 
behind the retina, are fecussed on it ; the limit to which this 
adjustment can be made is the near point of distant vision and 
is 25 cm. A normal eye has, therefore, the power of accommo- 
dation to view things from great distances up to 25 cm., but 
with old age this power diminishes. 

In long sight or Hypermetropia, the lens is too weak, or the 
eyeball too short for parallel light to be focussed on the retina 
(Fig. 97 (ii)). The ciliary muscles can act and correct this de- 
fect, but since they have begun to act when they should be at 
rest, they reach their limit sooner, and the near point of such 
eyes is too great ; consequently a long-sighted person holds a 
book some distance away to see it distinctly. To correct the 
defect, a converging lens is used to make the rays converge 
more quickly. 
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In short-sight or Myopia, the len& is too strong, or the eye- 
ball too long. In this case, parallel light is focussed in front 
of the retina (Fig. 97 (iii)) and a blurred image is seen. The 
ciliary muscles cannot weaken the eye lens and correct the 
defect, and so there is a limiting distance at which objects can 
be seen, the far point of vision. Spectacles consisting of di- 
verging lenses must be worn for viewing long distances ; they 
make the rays diverge to form an image on the retina. 

Colour* When the light waves fall on the nerves of the 
retina, they produce a sensation of colour as well as of shape. 
White light is really a mixture of all the coloured lights, and 
the various wave-lengths of light w r aves of from 0- 00004 to 
0-00008 cm. as given in the table on page 84, represent light 
varying in colour from violet to red. It has been seen that a 
prism affects the colour of light, and Sir Isaac Newton first 
obtained coloured light from a beam of sunlight by passing it 
through a prism. 

The spectrum. By means of a prism, light of various wave- 
lengths can be separated ; and this process of dispersion pro- 
duces the bands of coloured light that form a spectrum (Fig. 98). 

A good spectrum may be obtained with an optical lantern. 
A narrow slit is cut in a piece of cardboard and when this is 
placed in the slide-carrier of the lantern, a sharp image of the 
slit can be focussed on a white screen. A prism is then placed 
in the path of the beam, and its position and that of the screen 
adjusted so that a pure spectrum is obtained. This consists of 
successive images of the slit in he colours red, orange, yellowy 
blue, green, indigo, violet, the red being the least deviated from 
the original direction of the light and the violet most. If a piece 
of bright red ribbon is passed through the different colours, it 
appears red in the red light, but black in all the other colours. 
Similarly green ribbon appears green in green light, but black 
in other parts of the spectrum. White appears to be the same 
colour as the light in which it is placed, while black remains 
black throughout. 
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If pieces of red and blue glass are used to intercept the light, 
parts of the spectrum are cut off and only the red part or the 
blue part remains. If a second prism is placed parallel to the 
first, but with its base in the opposite direction, the coloured 
light can be recombined to form white light ; the effect is that 
of a parallel-sided glass slab, so that the white image of the slit 
reappears slightly displaced in position. 



Fig. 98. Refraction and Dispersion of White Light 
r by a Prism. 

Colours of opaque and transparent bodies* It has been seen 
that things are only visible because light from them is reflected 
to the eyes. But all the white light falling on a body is not 
reflected ; some is absorbed and, if the substance is trans- 
parent, much is transmitted. A green leaf appears green, 
because it reflects the green light falling on it, and absorbs the 
rest of the white light, just as green ribbon reflected the green 
light of the spectrum, but appeared black in all the other 
colours. Coal is black in any light because it absorbs practi- 
cally all the light falling on it. A red rose reflects red light, but 
a white one reflects all the colours equally, and this mixture on 
reaching the eye gives the impression of white. 
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A transparent substance like red glass transmits red light, but 
absorbs other colours, so that only the red part of the spectrum 
passes through it. If surrounding things are viewed through it, 
they appear red if any red light is reflected from them which 
can pass through the glass ; otherwise they look black. Trans- 
parent substances like water and glass transmit all the colours 
of the spectrum equally. 

Colours by artificial light* If a new dress is bought by arti- 
ficial light, and if fabrics are chosen by gas or electric light, they 
will appear different when viewed in the daylight ; a blue dress 
may look surprisingly bright, and pinkish mauve curtains may 
seem to have a bluer hue. The reason for this is that the 
spectrum of electric or gas light contains a greater proportion 
of red than daylight and a less proportion of blue. So a blue 
dress looks duller by electric light, because there is less blue to 
be reflected in the light falling on it, than there is in daylight, 
and mauve curtains find more red to reflect in the electric light 
and more blue in the daylight. 

Most shops nowadays use fluorescent tubes which contain 
fluorescent powders excited by a mercury vapour discharge. 
There are types known as t: Daylight ”, “ Natural ”, or 
‘ k Colour-Matching ”, the latter kind being specially designed 
to give an accurate effect of north sky daylight. 

Often on the stage of a theatre, changes in*the colours 
of the dresses may be observed when limelight of different 
colours is thrown on the performers. So an actress in a blue 
dress appears to be in black if .he moves into a beam of red 
limelight. 

Colour effects in nature* The blue of the sky, the red of the 
sunset, the pink glow of snow at sunset, are all due to the re- 
flection of the sun’s rays by the particles of dust and moisture 
in the atmosphere. Such particles cannot reflect waves of 
greater wave-length than their inn size, so the longer wave- 
lengths of red and yellow can pass through them, while the 
shorter blue waves are reflected and scattered. It is these 
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scattered blue rays that are seen on looking up at the sky in 
the daytime. At sunset, the sunlight has to pass through a 
greater thickness of air, and only the red and yellow penetrate 
through. A similar effect is seen when the sun appears red 
through a mist. 



Fig. 99. A View of the Isle of Man. 

Taken from Cumberland by a staff photographer of “ The 
Times ” using an Ilford infra-rod plate and filter and a long- 
focus lens. The peaks shown are over forty miles away. 

( liy courtesy of “ The Times ”) 


In the recent development of infra-red photography, use 
is made of the greater penetrating power of red and infra-red 
rays. In the usual form of photography, the rays affecting the 
sensitive plate are the ultra-violet ones, but if these are filtered 
out, and a plate sensitive to red rays is used, a photograph can 
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be taken of views a great distance away even if mist intervenes 
(Fig. 99). 

A rainbow is produced by the reflection, refraction and dis- 
persion of light by raindrops. An observer must have a shower 
of rain in front of him and the sun above and behind him. The 
light entering a raindrop is refracted and as the refraction is 



Fjg. 100 . The Action of Raindrovs in forming a Rainbow. 

unequal, dispersion also occurs. At the back of the drop re- 
flection takes place (Fig. 100) and on emerging the light is still 
further dispersed. The reflection reverses the order of the 
colours, so that red is seen on the outside. In a double or 
secondary rainbow, the violet part is seen on the outside and 
the red inside. A rainbow appears curved in shape because 
all the drops which can produce an effect on the observer are 
situated along the arcs of circles. 



CHAPTER VIII 


MAGNETS. MAGNETIC FIELDS. MAGNETIC EFFECT 
OF ELECTRIC CURRENT. MEASUREMENT OF 
CURRENT. ELECTRIC MOTOR. OHM’S LAW. 
PRODUCTION OF CURRENT 


Lodestone. At Magnesia in Asia Minor, large quantities of 
an ore called magnetite are to be found. This ore has two 



Fig. 101 . Lodestone at- 
tracts Iron Filings, and, 

IF FREE TO TURN, SETTLES IN 
A DEFINITE DIRECTION. 


special properties ; ( 1 ) if suspended 
so that it can turn freely, it always 
settles in a definite direction and (2) it 
attracts iron filings an(^ small pieces 
of iron and steel (Fig. 101). As early 
as 2000 b.c. the Chinese seem to have 
been aware of the curious properties 
of this substance, and in quite early 
times, it was used for steering ships, 
so that it came to be given the name 
of lodestone or “ leading-stone 
Magnets. The magnetic properties of 
lodestone can be imparted to pieces of 
steel. Hence artificial magnets of this 
kind, when freely suspended, settle in a 
definite direction — north-south — and 


the end pointing north is called the north-seeking pole (marked 


N on the magnet), while the other is the south-seeking or S pole. 


Expt. 35. Simple law of magnetism. Take a steel needle and 
magnetise it by stroking it with one end of a bar-magnet, taking 
care always to stroke it in the same direction. To test if the needle 
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is magnetised, dip it into iron filings, and see if they adhere to the 
ends in tufts. Wipe off the filings and suspend the needle in a paper 
stirrup by a thread of unspun silk fibre. Let it settle in a definite 
direction and mark the end that points north. 

Now bring up the N. pole of a bar- magnet to the marked end of 
the needle ; the latter should be repelled and move away. Repeat 
with the S. pole of the magnet ; there should now be an attraction. 
See also what happens at the unmarked end of the needle when the 
two poles of the bar-magnet are brought up to it. 

The simple law of magnetism is that like poles repel one 
another and unlike poles attract one another. 

Magnetic induction. There is attraction between the unlike 
poles of magnets but also unmagnetised pieces of iron and steel 
(like iron filings and pen nibs) may be attracted by a magnet. 
This is because a magnetic pole induces a pole of an opposite 
kind in the unmagnetised metal near it and so attraction 
occurs. This may be shown by supporting a bar of unmagne- 
tised iron near a strong bar-magnet (Fig. 102) and showing by 
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Fin. 102. The Bar of Unmagnetised Iron becomes 
Magnetised by Induction. 

• 

a compass needle that unlike and like poles are induced in the 
near and far ends respectively of the unmagnetised rod. Even 
a tiny iron filing has magnetism induced in it in this way. 

Attraction is therefore no sure test of whether a piece of 
metal is magnetised or not, because the attraction may be due 
either to an unlike pole or to induction in nnmagnetised iron 
or steel. A repulsion, on the other hand, is a certain indication 
of opposite polarity. 

Theory of magnetism* The r?n:*ion that artificial magnets 
can be made of iron or steel is that minute particles of these 
substances seem to act like tiny magnets and turn under the 
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influence of the magnetising force. This may be illustrated by 
drawing the pole of a magnet along a glass tube containing 

turn and settle in an orderly 
fashion and, if the N. pole is 
drawn several times in the 
direction shown, it would be 
expected that the right-hand 
end of the tube would have 
S. polarity owing to the S. 
poles induced in the attracted 
steel filings at the end. Ex- 
cept at the ends, the north 
and south poles of the various filings would neutralise one 
another (Fig. 103 (ii)). The steel filings retain their orderly 
arrangement until the tube is shaken up, but if iron filings be 
used, they become disorderly directly the magnetising force is 
removed. 

Solid steel and iron have the same characteristics as the 
filings. Thus permanent magnets (like the compass) must be 
made of steel, while for the temporary magnetisation required 
in electric bells, telephones, magnetos etc. iron is used. 

Compass. A compass contains a magnetised needle of hard 
steel supported or suspended so that it can turn freely. The 
needle settles in a definite direction, because the earth acts as 
if it were a magnet, and the poles of the needle are attracted 
by the north and south magnetic poles of the earth. These 
poles are not identical with the geographic ones, the north 
magnetic pole being situated at Boothia Felix in North America 
and the south magnetic pole in South Victoria Land. Conse- 
quently a magnetised needle settles in the direction of the 
magnetic meridian and not along the geographic meridian. (It 
was seen in Chapter I that the meridian of an observer is the 
plane passing through him and the north and south poles of 
the earth.) The directions indicated by a magnetised needle 
must therefore be corrected to geographic directions by means 


steel filings (Fig. 103 (i)). They 



Fig. 103. The Steel Filings settle 

DOWN IN AN ORDERLY FASHION WHEN 

Magnetised. 
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of charts which are issued by the Admiralty, and ships and 
aeroplanes use such corrections when estimating their course 
from compass readings. 

Fig. 104 shows an ordinary 
pocket compass that can be used 
when walking across country. 

The compass is held horizontally 
and turned until the N.-S. line 
of the card is directly under the 
needle (the magnetised needle 
always points N.-S.) ; the other 
points of the card then point in 
the right direction. 

For steering ships and aero- 
planes, either a liquid compass 
or a gyrocompass is generally used. Fig. 105 shows a Chetwynd 
liquid compass in which the magnet and card are supported on 
a hollow float in a mixture of alcohol and water. Since the 
magnet and card are fixed together, the whole card rotates to 



Ftg. 104. A Pocket-Compass. 



Fio. 105. A Chetwynd Liqttid Compass. 


indicate the directions of the points of the compass. The ad- 
vantage of such a compass is that it remains steady when tilted, 
and it can be illuminated at night by lamps placed below. The 
gyro-compass is particularly useful on ships like submarines,^ 
where the excessive amount of iron would prevent an ordinary 
magnetic compass working. A heavy wheel is made to rotate 
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rapidly by means of an electric motor and under the effects of 
iis own inertia and the revolution of the earth, the axis of the 
gyro is swung into the same plane as the axis of the earth. 

Magnetic field. Iron filings are affected by a magnet even 
when they are a short distance away from it ; the space all 
round the magnet in which the magnetic force acts is called the 
magnetic field of the magnet. In the various parts of the field, 
the direction of the force varies add lines showing this direction 




are called Wes of force. Such lines may be mapped out either 
with a small compass needle or by iron filings. The latter settle 
in definite directions because they become magnetised by in- 
duction. 

Expt. 36. Mapping magnetic fields with iron filings* Place 
a sheet of stiff drawing-paper over a bar- magnet supporting it in a 
flat position by rulers at the edges. Take a muslin bag containing 
iron filings and shake the filings out so that they are scattered 
uniformly over the paper. Tap the paper gently to make them 
settle. 

Repeat with two magnets placed (I) with like poles side by 
side, (2) with unlike poles together. Fig. 106 shows the results 
obtained. 
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Magnetic effect of an electric cufrent* It will be seen later 
in the chapter that an electric current can be supplied by* a 
voltaic cell or by the dynamos of a generating station. When 
a current flows through a solenoid (that is, a long uniform coil 
in which the wire lies in the surface of a cylinder), a magnetic 
field similar to that of a bar-magnet is produced, and a piece of 
steel placed inside the solenoid can be made into a permanent 
magnet, or a piece of iron into a temporary magnet. 

Electromagnet* When a piece of soft iron is placed inside 
a solenoid, a very strong magnet is produced so long as the 
current flows, but the magnetic properties vanish immediately 
the current ceases. 

Expt. 37. Magnetic properties of soft iron* Take a piece 
of glass-tubing 6 inches long, and f of an inch in diameter. Wind 
closely a coil of cotton covered copper wire on it and so make a 
solenoid. Connect the ends of the wire to the terminals of a Le- 
clanche cell with binding screws. Place a piece of soft iron or a 
number of strands of soft iron wire inside the tube, so that the ends 
project beyond it. Support the tube on a block of wood, and bring 
a small pair of scissors and some pen-nibs up to the iron. Notice 
that they are attracted and will hang suspended from the iron while 
the current is flowing, but drop off immediately the wire is discon- 
nected from the cell. Start the current again, and find which is the 
N. end of the electromagnet by bringing up a compass needle, and 
seeing at which end the N. end of the compass is repelled. Notice 
the direction in which the current flows round the soleiK>id assuming 
it flows from the carbon Uiinmal of the cell to the zinc; one. 

Such an arrangement is an electromagnet and its magnetic 
force is much greater than that of 
the solenoid of wire alone. The 
polarity of the electromagnet can be 
found by t he simple rule that if the 
fingers of the right hand bend round in 
the direction of flow of the current , the 
outstretched thumb points toward. • V 
N.pole (Fig. 107). Often the iron core is bent round into a horse- 
shoe, and the wire must then be wound in opposite directions on 

I J.G.S. 



Fiu. 107. The Polaiuty of 

AN EjJSCTHOMAGNET. 
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the two limbs, so that the ends are of opposite polarity. If a 
strong current and many turns of wire are used, a very powerful 
electromagnet can be made ; Fig. 108 shows one used for lifting 
large quantities of pig-iron. 



Fig. 108 . Witton-Kramer Circular Lifting Magnet. 
(By courtesy oj \Y itton- Kramer Works ) 


Electric bell* An electric bell (Fig. 109) consists of a small 
electromagnet together with a movable armature SA, supported 
on a spring S, and carrying a hammer H. From the ter- 
minals T and T' w r ires pass to the bell-push and to a Leclanche 
cell. 

An electric current can only flow if it has a path consisting of 
a complete circuit of conducting material. When the bell-push 
is pressed the circuit is completed and a current flows from the 
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cell. The electromagnet acts and attracts the armature, but 
the armature then ceases to be in contact with the screw, St 
C and the circuit is broken. The current stops, the electro- 
magnet loses its magnetic properties, and the armature being 
no longer attracted, springs back so that there is contact at the 
screw once more. The circuit is then complete again, the 
current flows and the whole process is repeated. Every time 
the armature moves forward the hammer strikes the bell, and 


Cell 



Fkj. 109. Electric Bell Circuit. 


as the “ makes ” and “ breaks ” of the circuit occur in rapid 
succession, the continual hammerings on the bell keep it ringing 
for as long as the bell-push is pressed. 

Telephone. The action of a telephone receiver is somewhat 
similar. Instead of an armature, a thin circular iron diaphragm 
vibrates to and fro under the influence of an electromagnet 
(Fig. 110). A permanent magnet exerts a constant, attraction 
on the diaphragm, and in addition the electromagnet exerts a 
varying attraction because its strength varies when the current 
flowing in its coils fluctuates. These fluctuations are caused 
at the transmitter by the sound waves, and since the vibrations 
of the iron diaphragm of the receiver correspond to them. 
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similar sound waves are reproduced at the receiving end by the 
vibrating diaphragm. 

The transmitter or microphone has a carbon diaphragm 
which is in contact with carbon granules (Fig. 110). The sound 
waves falling on the diaphragm make it vibrate, so that the 
pressure it exerts on the granules varies. The resistance to the 
current flowing through the transmitter thus continually 



Fig. 410. A telephone Receiver and Transmitter. 

changes and fluctuations of the current are produced, which 
travel along the telephone wires to the receiver. 

Use of magnetic effect for measuring current* The mag- 
netic effect produced when a current flows along a wire can 
also be used as a means of detecting and measuring current. 

Expt. 38. Deflection of a compass needle by a current* 

(a) Stretch a long piece of covered copper wire along the magnetic 
meridian. Support a compass needle above the wire and let it come 
to rest in the meridian parallel to the wire. Now connect the ends 
of the wire to a dry cell, so that a current flows from north to south 
(remembering, as in the previous experiment, that the current is 
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considered to flow from the carbon terminal of the cell). Note the 
direction of deflection of the N. pole of the needle. Repeat with the 
needle in position below the wire. Reverse the connections between 
the wire and the cell, so that the current flows from south to north, 
and repeat the observations. 

Tabulate results thus : 


Direction of 
current 

Position of 
compass needle 

Direction of deflection 
of N. pole of needle 

North to South. 

Above wire. 

West. 

North to South. 

Below „ 

East. 

South to North. 

Above „ 

East. 

South to North. 

Below ,, 

West. 


(h) Next support the compass horizontally on a piece of cardboard 
and arrange a loop oi wire round it, so that needle and loop lie in the 
plane of the meridian. Connect the wire to a cell and note the 
deflection of the needle. Now coil several more loops of wire round 
the needle and again observe the deflection. 

The right-hand rule given on page 121 can be applied to this 
experiment. In part (a), if the Angers of the right-hand point 
in the direction of the current and the palm of the hand faces 
the compass, the outstretched thumb will indicate the direction 
in which the north pole tends to move. Similarly in part (b) the 
outstretched thumb shows the direction of deflection of the 
N. pole of the needle. This latter arrangement illustrates how 
the magnetic effect of a current is used in the construction of 
galvanometers. 

Galvanometers* A galvanometer is an instrument for 
measuring the strength of an electric current. A very simple 
galvanometer can be made from 20 or 30 coils of wire placed 
round a magnet to which a light pointer is attached (Fig. 1 1 1). 
To use the instrument it is turned until the magnet and coils lie 
in the meridian. When currents of different strengths pass 
through the coils, the magnet is deflected to different extents 
and the light pointer attached to it moves across the scale. If 



126 


GENERAL SCIENCE 


certain facts are known about the instrument, the strength of 
any particular current can be calculated from the scale reading. 



Fra . 111. A Simple (Galvanometer. 


The unit used to measure current is the ampere, and the 
number of amperes flowing through a circuit is a measure of the 
quantity of electricity flowing through it per second. In a 
^ similar way, we might measure 

the size of a stream by finding 
~ 4 T g 7 — what quantity of water flowed 
k/i past a certain spot in a second. 
ygk \ ww The unit in which quantity of 

M ^ fm electricity is measured is the 

11m \ (M coulomb, and if the rate of supply 

wk \ mm one coulomb per second, the 

\ffk \ Movin ° (m S ^ ze curren ^ one ampere. 

* \ C f l Jr Ammeters. Instead of a raov- 

1 Magnet ing magnet inside a stationary 

[ H fi coil, many galvanometers have a 

I m I *| movable coil suspended between 

the poles of a stationary magnet. 
^ Shunt r The coil is deflected when a cur- 

rent flows through it to an extent 

Fig. 112. The Construction of depending on the strength of the 
an Ammeter. . . 

current. An ammeter is a moving 

coil galvanometer of this type, constructed so that when the 

pointer attached to the coil moves, the readings on the scale 

show the strength of the current directly in amperes (Fig. 112 ). 


Fig. 112. The Construction of 
an Ammeter. 
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The wire called the shunt is placed across the terminals, so 
that only a small proportion of the actual current passed 
through the coil. 

Electric motor* An electric motor works in a similar way to 
an ammeter. A current flows through coils of copper wire 
called an armature* the armature being placed between the 
N. and S. poles of a permanent magnet. The armature rotates 



Fig. 113. An Electric Vacuum Cleaner. • 

{By courtesy of the Edismi-Swan Electric Co , Ltd ) 


when the current flow's and this motion may be transmitted to 
an electric fan or to drive a sewing machine or a cake-mixer. 
A vacuum cleaner (Fig. J 13) contains a fan driven by a small 
motor, the electric current for which is obtained from the ordi- 
nary mains. The rapid rotation of the fan sets up a partial 
vacuum, and the pressure of the atmosphere forces air into the 
partial vacuum together w ith dust and dirt ; the dust is then 
passed into a cloth bag. 

Supply of electricity* It has already been mentioned that 
the sources of supply of electricity are (1) a voltaic cell, (2) the 
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mains supply from the dynamos of a generating station. The 
difference between the two is one of electric pressure. 

The characteristics of a current of electricity can best be 
understood by comparison with a current of water. In order 
that a stream of water may flow, there must be pressure due to 
a difference of level, as, for example, in a waterfall. The 
greater the difference of level (or the higher the waterfall), the 
greater the pressure forcing the water along its path. The 
greater the quantity of water supplied in a given time, the 
greater the size and width of the stream. It was seen on page 
126 that in the case of a current of electricity, the quantity of 
electricity is measured in coulombs, and the size of the current 
in amperes. The electric pressure (or voltage) forcing the 
current to flow is measured in volts. 

The essential difference between the two sources of supply 
of electricity is that whereas the electric pressure (or electro- 
motive force) of a cell is only one or two volts, that of house 
mains is being standardised by the Grid scheme of the Central 
Electricity Board at 230 volts. Thus a cell may Ije used* for 
small installations like electric bells or telephones, but for all 
large installations for heating, lighting, transport and electro- 
plating, the mains are needed. 

Ohm's Law. In considering the current produced in a wire 
by a given electric pressure, one further thing must be allowed 
for, that is, the resistance that the current encounters as it flows 
through any given conductor, The resistance varies with the 
material and although all metals are good conductors of elec- 
tricity, silver is the best and copper the next best conductor. 
Silver is an expensive substance for common use ; consequently 
the wires for all electrical connections are made of copper. 
Other kinds of wire are used in circuits when it is necessary to 
introduce more resistance ; this fact w ill be discussed more 
fully in the next chapter in connection wdth heating appliances. 
Some substances have such a high resistance that they do not 
conduct electricity appreciably ; they are said to be insulators. 
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Thus rubber, a good insulator, is used for coating the copjper 
wires conveying current in a house. Porcelain, wax, mica, 
ebonite are all good insulators. An insulator can stop the 
passage of a current of electricity because a current can only 
flow if it has a path consisting of a complete circuit of con- 
ducting material. 

The unit in which resistance is measured is the ohm, and there 
is a simple relation between the electromotive force (in volts), 
the current (in amperes) and the resistance (in ohms) for any 
given circuit. This is known as Ohm’s Law, which states that : 

electromotive force 
Current =- 

resistance, 

volts 

or amperes"- 

ohms 

If two of these quantities are known the third can be calcu- 
lated. The current in a circuit can always be measured with 
an ammeter, and the voltage with a voltmeter, an instrument 
similar in construction to an ammeter but having a high resist- 
ance connected to the moving coil ; the readings on the scale 
give a measure of the electric pressure. An experiment de- 
pending on Ohm’s Law and making use of these instruments 
will be described in the next chapter. 

Production of current by cells* It 
has been seen that an electromotive 
force of a few volts can be obtained 
with a voltaic cell. The Leclanche 
cell (or its modification, the dry ^cll) 
is used for electric bells, telephones, 
telegraphs and pocket flash lamps. 

It consists of a glass vessel (Fig. 114) 
containing a strong solution of sal- 
ammoniac in which is placed a porous 
earthenware pot containing small pieces of carbon and black 
oxide of manganese and a carbon plate. The carbon plate and a 
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zinc rod in the outer vessel form the two terminals of the cell to 
which connections are made. When the cell is in use, chemical 
action takes place between the sal-ammoniac and the zinc so that 
gases are evolved. The function of the black oxide of man- 
ganese is to remove the gas, but since it only effects this slowly, 
continuous use of the cell results in an accumulation of gases. 
This reduces the current the cell can supply, but if it is given 
a short rest, the gas is removed, and the cell recovers. It 
follows, therefore that it is most suitable for use with electric 
bells and telephones where a current is 
only required for short periods at a time. 
It requires little attention except more 
water or a fresh supply of sal-ammoniac 
when the solution evaporates. 

The dry cell (Fig. 115) is a convenient 
modification of the Leclanche in a com- 
pact and portable form. A small type is 
used for pocket flash-lamps while a larger 
kind is used for telephones. Instead, of 
the sal-ammoniac solution, tfiere is a 
paste of plaster of Paris, sal-ammoniac 
and zinc chloride, and the zinc rod is replaced by a layer of 

sheet zinc, which serves £s a containing vessel. 

« 

Expt. 39. Construction of a dry cell* Take a disused pocket 
lamp battery and remove the paper and cardboard covering. Notice 
how the zinc cylinders are connected one to another, the zinc to the 
adjacent carbon rod, etc. Cut across one zinc cylinder, and note the 
central carbon rod surrounded by a black mixture, and the white 
paste outside. 

The accumulator* Accumulators are used for the “ self- 
starter ” and lighting of motor-cars, for certain types of wireless 
sets and for vehicles such as dust carts and delivery vans. They 
are also valuable for storing electricity for lighting, particularly 
in private house plants, or in hospitals, where a reserve supply 
is essential. 
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An accumulator consists of a number of specially prepared 
lead plates, packed closely together, alternate plates being con- 
nected to one of two lead strips (Fig. 116) 
which go to the terminals of the cells. 

These plates are immersed in dilute sul- 
phuric acid the specific gravity of which 
should not exceed 1*21 or fall below 115. 

In order that an accumulator may be 
used as a source of electricity, it has first 
to be charged by sending through it a cur- 
rent from the mains. This causes chemical 
changes to take place in the plates, and in Fig , 1]6 Arrange- 
this way electrical energy is con verted in to ment of Plates in an 
chemical energy. The chemical energy so Accumulator - 
stored can be reconverted into electrical energy by taking a 
current from the cell ; this latter current flows in the opposite 
direction from the charging one. In this way the cell gradually 
becomes discharged ; its voltage falls from about 2-2 volts to 
1-8* volts and the specific gravity of the sulphuric acid to 115. 
The voltage and specific gravity should not be allowed to fall 
below these values without recharging the cell, or it becomes 
permanently injured. 

Induced currents. It has been seen that a current has a 
magnetic effect but conversely a magnetic effect *can produce 
a current. This fact was discovered by Michael Faraday (1791- 
1867) and the continual growth in the use of electricity for 
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everyday purposes is the outcome of his 
brilliant resea -ches. Faraday realised that 
if magnetic Lncs of force move across a 
conductor an electromotive force is pro- 
duced in the conductor. 


XOTTy hn 13 Expt. 40. Induced currents* 
u v 0 Magnet Obtain a coil of 50 turns of wire and 
"'current induced by A wnuc-t it to a sensitive galvano- 
Moving Magnet. meter. Take a bar-magnet and 
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push the N. pole into the coil (Fig. 117). Notice the sudden deflection 
of? the galvanometer needle. Observe also that when the magnet is 
stationary, there is no deflection of the galvanometer. Now with- 
draw the magnet and notice the deflection is in the opposite direction. 
Repeat, bring the S. pole of the magnet up to the coil first. 

Repeat again, keeping the magnet fixed and pushing the coil on 
to the magnet. 

The similar results in both parts of the experiment show that 
it is the relative motion of the coil and the magnetic field which 
produces the induced currents. It is on this principle that 
dynamos for producing electricity on a large scale are con- 
structed. It was seen earlier in the chapter that in an electric 
motor : 

Magnetic field ] . 

Current r P r °d uce motion. 

Now similarly for a dynamo : 

Motion^ 0 liCld } Produce current. 

The dynamo. In a dynamo, a coil is made to rotate between 
the poles of a powerful magnet, and as the coil cut&“ across the 
magnetic lines of force continually, an induced current is set 
up in it. 



Fi<;. 118. Tiie Principle or \ Dynamo. 


Expt. 41. Principle of the dynamo. Set up a coil (Fig. 118) 
betw een two bar-magnets supported on blocks of w ood. Connect the 
coil to the terminals of a sensitive galvanometer. Start with the coil 
ill a vertical position and turn it quickly through 180°, noticing the 



DYNAMO 153 

deflection of the galvanometer that is produced. Turn the coil 
quickly through a further 180° and observe that the deflection is*in 
the opposite direction. 


The experiment shows that as the coil rotates, currents are 
formed first in one direction, then in the other. These are 
called alternating currents and if the ends 
of the rotating coil of the dynamo are 
connected to rings with which they make 
continuous sliding contact, the current col- 
lected by the brushes and J3 a in Fig. 1 1 9] 
is an alternating one, and the machine 
iS an alternating current dynamo. It is pos- Fig. 119. Cotxect- 

sible however, to join the ends of the INlj Brush bs of an 
, ... . Alternator. 

rotating coil to a split-ring or commutator 

so that the collecting brushes make contact alternately with 

the two semicircles and current always passes in the same 




Fig. 120. A Dynamo. 

direction to the external circuit through the same brush : the 
current is then direct and the machine is a direct current dynamo. 
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A real dynamo is of course much more complicated than the 
siifiple one described above. The permanent stationary magnet 
is a powerful electro-magnet, and the rotating coil consists of 
an armature with a soft iron core and a number of distinct 
windings of wire each connected to a metallic segment forming 
part of a more complicated commutator (Fig. 120). To rotate 
the armature between the poles of the magnet and to generate 
the current, steam, gas or oil engines are generally used, but in 
countries like Norway or Switzerland where mountain streams 
or waterfalls give power for w 7 ater turbines, the latter are 
used to drive dynamos. Similar hydro-electric* plants on a 
large scale have been established at Lochaber and Kinloeli- 
leven by the British Aluminium Company. 

An electric motor and a dynamo are similar in construction 
and if a current be passed through a dynamo, it may be used 
as a motor. 
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ELECTRIC POWER. HEATING EFFECT OF CURRENT. 
DOMESTIC APPLIANCES. HOUSE SUPPLY. LAMPS. 
ELECTRIC FURNACE. CHEMICAL EFFECT OF 
CURRENT. 

Electric power. It was seen in Chapter II that energy can 
exist in a variety of forms and may change from one form 
to another. Thus the electric energy produced by a dynamo 
passing as a current along the mains may be converted into the 
heat energy of an electric fire or the energy of motion of an 
electric motor or the chemical energy stored in an accumulator. 

When there is mechanical friction, energy is lost and may 
reappear as heat ; similarly in the case of electricity, energy 
has to be expended and work done in forcing the current along 
a wire against a resistance ; the energy lost may reappear as 
heat or some other form of energy. Thus it is necessary to 
supply energy in an electric circuit for work to be dbne, and the 
rate at which electrical energy is received at any point in a 
circuit is given by the product of the voltage and the size of the 
current. This is equivalent to the power or rate of doing work 
in the circuit, a quantity measured in units called watts. Thus : 

Watts -amperes x volts. 

For example, an electric iron constructed for use on a 230 volt 
and having a current passing through it of 1*5 amperes uses 
power equal to (230 x 1-5) = 345 watts. 

Electricity is charged for, according to the power used, but 
the watt is an inconveniently small unit. Thus if 1000 watts 
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are supplied for 1 hour, the amount of power used is 1 kilowatt- 
hoar or 1 Board of Trade unit. The number of these units used 
is recorded on the dials of the meter. In Fig. 121, reading from 
left to right, the total number of units registered is 3864*2 units. 



Fig. 121. An Electric Meter. 
The reading is 3864.2 units. 


Heating effect of current. The heat that appears when a 
current flows along a wire is due to the electric energy lost in 
overcoming the resistance of the wire. The total amount of 
heat evolved depends also on the strength of the current and 
on the time for which it flows. •* 

The resistance of a wire depends on its thickness, its length 
and the material of which it is made. Hence in the construction 
of the various appliances depending on heat being generated, 
nichrome wires are chosen of a length and thickness such that 
they will be heated to a dull red heat, when the appliance is 
used on the voltage for which it is designed. If it is used on a 
higher voltage, the heating produced may be so great that the 
wires will burn out ; if on a low er, the heating wdll be insuffi- 
cient. For example, an electric iron designed for a 230 volt 
circuit would only become warm if used on a 100 volt circuit. 

The heating effect of a small electric fire depends on the 
resistance of the nichrome wire used in its construction. To 
find the value of this resistance, a simple experiment making 
use of Ohm’s law r may be done. At the same time the power 
used by the radiator can be calculated. 
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Expt. 42. Resistance of an electric radiator and power 
used by it* (This experiment is better demonstrated by an ex- 
perienced teacher.) Connect up a circuit consisting of two main 
supply wires, a switch, an electric fire, an ammeter and voltmeter, 
making the connections as shown in Fig. 122. Notice the ammeter 
is connected so that the current flowing through the radiator also 
flows through the ammeter, while the voltmeter is connected so that 
its two terminals are joined to those of the radiator. The ammeter 
is said to be “ in series ” with the circuit and the voltmeter “ in 


Ammeter 



Fig. 122 . Experiment to find the Resistance of an 
Electric Radiator and the Power used bv it. 

parallel ”. These two instruments are always connected in this 
way. 

Now switch on the current and read the ammeter and the volt- 
meter. To calculate the resistance of the radiator, it is known 
from Ohm’s Law that : 

~ electromotive force or, voltage 

Current = - 

resistance 

_ . 1 volts 

or Resistance (in ohms) . 

amperes 

Hence divide the voltmeter reading by the ammeter reading, and 
so obtain the value of the resistance in ohms. 

To estimate the power used by the radiator multiply the volt- 
meter reading by the ammeter one and so find the power used in 
watts. This value may be checked by observing that given on the 
maker’s label. 

Domestic appliances. Domestic appliances are of two types, 
(1) those depending on a small electric motor driven by the 

K j.o.s. 
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Fig. 123. Some Domestic Electuic Appliances. 


current from the mains, (2) those depending on the heating 
produced in a wire th/ough which a current is passing. The 
electric fan, the sewing machine and the vacuum cleaner 
belong to the first type. Examples of the second type are 
many and various : electric lamps, fires, cooking stoves, irons, 
grillers, kettles, toasters, bath-water heaters, milk sterilizers, 
shaving pots, warming pads. Some of these are shown in, Fig. 
123 and in most cases the general construction is obvious. The 
heating “ element ” of nichrome wire is at the base of the kettle 
and the milk sterilizer, but the latter is so arranged that it can 
be heated by either one of two circuits (two wires of different 
resistances), one pioducing enough heat for boiling and the 
other for simmering. A warming pad or blanket has well- 
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insulated wires inside a padded bag or blanket. In the cooking 
stove, wires beneath metal plates on top take the place ef 
gas rings and so form hot plates. Inside the oven, wires are 
similarly placed to the gas jets of an ordinary gas stove. There 
is a thermometer on the door and the temperature can be 
adjusted by switching the current on or off through sections 
of the heater. The arrangement of the heating element of an 
electric fire was described in Chapter V. 

House supply. All such appliances depend on the supply of 
elec tricity to the house by mains coming from the dynamos of 
t lie generating station. It should be remembered that although 
<my part of a circuit in which the current is supplied by a 
voltaic cell may be touched with impunity, a dangerous shock 
may be experienced on touching wires and metallic parts of 
circuits conveying current from the mains. This is because one 
of the mains is generally connected to earth and the earth being 
an excellent conductor of electricity, there is a tendency for the 
current to flow through the person touching the wire to 
complete its circuit through the earth. Since the pressure is 
high, the rate at which electricity would discharge in this way 
would be much greater and therefore more dangerous than 
under similar conditions with a voltaic cell supplying the 
electric pressure. For this reason, wires from the mains are 
well insulated with layers of rubber and cotton. , 

Fig. 124 shows how current passes into a house through a 
meter and main switch. < nd then passes to a distributing board 
consisting of two busbars of brass or copper to which are con- 
nected pairs of fuses through wl ich the current passes to the 
various circuits in the house. Fir es are necessary because some 
fault in the circuit, such as a broken lamp, may make the current 
pass directly along the wire without encountering any appreci- 
able resistance. The current then becomes excessively large 
and its heating effect may cause a fire. To avoid this, fuses 
consisting of lead, tin, or tinned copper wire are included in 
each circuit and these w ill melt and burn away if the current 
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is much greater than the normal one. The circuit is thus broken, 
arcd the current ceases before its heating effect can lead to dan- 
gerous results. The wire is enclosed in a porcelain carrier which 
can be detached from its base for new wire to be inserted, when 



a fuse has burnt out. The current is always switched off at the 
main switch before this is done. Each circuit has a wall switch 
connected in series and lamps connected in parallel. This latter 
arrangement ensures that if one lamp in a room is faulty, the 
current still flows through the others. 

Electric lamps* In bulb electric lamps, the source of light 
is a filament of fine wire which has a very high resistance, and 
which therefore is so much heated when a current passes 
through it that it becomes white-hot or incandescent. If, how- 
ever, this took place in ah* the wire would burn away. Conse- 
quently the bulbs contain a mixture of 7% of argon and 93% 
of nitrogen ; these gases do not allow objects to burn in them 
and are known as inert gases. The light is given out by the 
short coiled length of the tungsten filament (Fig. 125 (i)). 
Since this light is concentrated over a very small area there is 
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a tendency for the glare to be injurious to the eyes if looked at 
directly. Consequently most people prefer to use lamps whi&h 
have a veneer of white opal glass over the clear glass (Fig. 
125 (ii)). The light from the filament is then diffused evenly 
over the whole bulb surface so that a soft diffused light is 
obtained and glare is eliminated. 

Lamps are often marked with such numbers as 60W. 240V. 
These mean that the lamp consumes 60 watts of power and is 



m Fki 125 Types of Electric Lamps 

(i) a gas-filJod lam]). (n) an opal lamp. 

for use on a 240 volt circuit. The efficiency of a lamp is the 
power consumed for each candle power of light given so that a 
60-watt lamp giving 100 candle power has an efficiency of i 6 0 °d 
or 0*6 watts per candlepower. • 

Fluorescent lighting* Fluorescent tubes are much more 
efficient than the ordinal y bulb electric lamps just described, 
and they are now in common use in offices and shops and large 
rooms where ail even diffused lignt is needed. Fig. 126 shows 
a number of these tubes \arying in length from l i ft. to 8 ft. 

The inside of such tubes is coated with a mixture of fluor- 
escent powders called phosphors, the type of phosphor used 
determining the colour of the light obtained. The gases in the 
tube are mercury vapour and a little argon at a very low 
pressure. When the electric teim dials of the tube are con- 
nected to the mains voltage, there is an electric discharge 
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through the gases which makes the phosphors fluoresce. If 
certain phosphors are used an effect of daylight may be 
obtained, and as mentioned on page 113, ‘‘Daylight”, 
“ Natural ” or “ Colour-Matching ” tubes are used for shop 
window lighting. 

The power used by a lamp can be verified by an experiment 
precisely similar to Expt. 42. 



Fig 12S. Fluorescent Tubes of Various Lengths 

(lift courtesy of the (icncral Electric Co. Ltd.) 


Electric furnace. 'I’he very high temperature obtainable by 
means of a,n electric current is used in electric furnaces for 
carrying out chemical and metallurgical processes which would 
otherwise be impossible. One substance that can be made in 
this way is "Carborundum”, a compound of carbon and 
silicon, which is so extremely hard that it is used extensively 
for making grindstones by which knives and steel edges are 
sharpened. The furnace contains a mixture of coke and 
sand, the latter being an oxide of silicon. When a strong 
electric current is passed through the furnace by means of the 
carbon rods, the extreme heat causes chemical action between 
the coke and the sand, so that some of the coke combines with 
the oxygen of the sand, and the rest with the silicon to form 
carborundum. 
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Calcium carbide which is used for making acetylene Ipr 
lamps like cycle lamps is a compound of calcium and cdfrbSn 
made in a similar way except that lime is used in the fiupace 
instead of sand. 

The composition of matter* The chemical composition of 
matter will be discussed more fully in Chapter XI , but to under- 
stand the chemical effect ot a current, something must be known 
of the structure of the various substances in the world around 
us. Everything is made up of tiny particles called atoms, which 
are so small that even with the most powerful microscope it is 
impossible to see them, for they are less than a millionth of an 
inch in diameter. There are ninety-two different kinds of 
atoms occurring in Nature, and they are arranged in different 
ways to form all the marvellous variety of substances existing 
in the world, including living things and even man himself. 
If a substance is made up of atoms all of one kind , it is called 
an element and there are thus ninety-two natural elements. 
More will be said about t he elements later, but some of the more 
important, ones are oxygen, nitrogen, hydrogen, carbon, silicon, 
calcium, sodium, potassium, and iron. Several atoms either 
of the same or of different kinds combined together form a 
molecule, and an element is made up of molecules containing 
identical atoms, while a compound may consist of molecules 
similar to each other, but containing different kirfds of atoms. 
Obviously a marvellous variety of substances is possible in this 
way and so the infinite variety of the world is explainable. 

During the present century, scientists have been trying to 
discover more about the atom, . nd they now know that it is 
electrical and behaves as if it were composed of tiny particles 
of electricity ; these vary in number and arrangement with the 
different kinds of atoms. So it seems as if matter disappears 
and there is nothing in the world but electricity. 

Chemical effect of an electric current* When certain sub- 
stances are dissolved in water, the solution so formed will con- 
duct electricity. Pure water is almost a non-conductor, but 
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when one of these substances is dissolved in it, it becomes con- 
ducting and is called an electrolyte* The reason for this is that 
when the substance dissolves, some of the molecules split up 
into parts called ions, which carry tiny positive or negative 
charges of electricity ; this effect is known as dissociation . 
There are equal amounts of positive and negative charges, so 
the liquid as a whole remains neutral. 

Now if two plates called electrodes are placed in the liquid 
so that a current can be led into it, the current may pass into 
the solution at the one called the anode and leave it at the 
cathode. When this happens, the ions in the solution begin to 
migrate. It will be seen in Chapter X that electric charges of 
an opposite kind are attracted to one another ; thus the 
negative ions migrate to the positive plate (or anode) and the 
positive ions to the negative plate (or cathode), and more ions 
form so that the process continues. This movement of ions 
causes chemical changes to take place, which may be of much 
practical value as in electroplating. 

Electrolysis. Pure water becomes an electrolyte If it contains 
a small quantity of sulphuric acid. This may be shown by 



means of a voltameter (Fig. 127) connected either to a lamp- 
board and direct current mains or to a 4-volt accumulator. If 
the bowl contains pure distilled water, the lamps do not light 
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and no current flows. On acid being added to the water, the 
lamps light, showing the circuit to be complete, and bubbles 
of gas can be seen rising from the platinum electrodes. Test 
tubes are then filled with the acidulated water and placed over 
the electrodes, so that the gases are collected. It is soon 
observed that twice as much gas collects at the cathode as at 
the anode. 

When the cathode test tube is filled, it is removed and tested 
by applying a light to it ; the gas burns with a blue flame and 
may give a slight pop if a little air has become mixed with it. 
/Vs will be seen later the gas is hydrogen. The other test tube of 
gas is tested with a glowing splint : the splint relights, which 
suggests that the gas is oxygen. 

In this experiment the solution contains positive hydrogen 
ions and negative hydroxyl and sulphate ions. (The hydroxyl 
ion consists of hydrogen and oxygen atoms and the sulphate 
of sulphur and oxygen atoms.) When the accumulator is 
connected to the electrodes, the positive hydrogen atoms 
drift towards the cathode and hydrogen gas is evolved there. 
The hydroxyl and sulphate ions drift towards the anode, 
where the hydroxyl ones are discharged and decompose into 
oxygen and water. Thus oxygen is given off at the anode. 
The amount of acid remains unchanged, so this experiment is 
often called the electrolysis of water, and the relative amount 
of the gases (twice as n ach hydrogen as oxygen) is taken as 
evidence that a molecule of water consists of two atoms of 
hydrogen and one of oxygen. 

Electroplating. If a metallic ion travels to the cathode of 
a voltameter, a thin layer of the pure metal will form there as 
an even plating. Thus with a solution of copper sulphate, the 
positively charged copper ions travel to the cathode during 
electrolysis, while the negative sulphate ions travel to the 
anode ; if the latter is made of copper, the sulphate ions 
combine with it to form fresh copper sulphate solution, so that 
the strength of the solution does not change. 
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wooden support 


Expt. 43. Copper plating* Dissolve some copper sulphate in 
water to make a solution ,* filter it and pour it into a large vessel. 
Take a copper plate as the anode and connect it by wires to the 
wire, from batten , positive terminal (marked red) of 

+ a 4- volt accumulator. Take an 

\ old spoon or a key, clean it 

, - SUDPon thorough ly with fine emery paper, 

} ^ ^ ~ and connect it to the negative 

— 0llter , terminal of the cell, so that 

zS= E=^==-^= it forms the cathode (Fig. 128). 

sheet - Pass a current for half an hour, 

copper ^ object to and a thin coating of copper 

be pIated will be found on the spoon or 

Zcbppeii=iS.uI pHat e ]^> y _ 


Fig. 128. Apparatus fob Coppkr- If the SDOOn copper plated in 
Plating an Object. ^ it j 

Jhxpt. 43 were afterwards placed 

in a solution of nickel ammonium sulphate w ith the spoon again 
as the cathode, a deposit of nickel would be formed. Similarly 
with other forms of electro -plating ; a layer of any particular 
metal is obtainable if a suitable solution is used in the electro- 
plating bath. When this is done on a commercial scale, a 
number of articles are plated at once, and the anode is made of 
the same metal as that to be deposited from the solution so that 
it can be dissolved by tJle negative ions and the strength of the 
solution remain unchanged. Thus for silver-plating, a solution 
of the double cyanide of silver and potassium is put in the 
electro-plating bath, and a silver anode is used. Before articles 
are electroplated, great care must be taken to clean them 
thoroughly ; they are scrubbed with wire brushes or sand, and 
washed in dilute sulphuric acid. 

Electro-typing* Another application of electrolysis is in the 
making of copies of type. Printers often want to set up their 
type afresh but still w r ant to retain copies of pages of type 
already set up, so that they can continue to print books from 
them. To make these copies (or “ electros ”) a mould is first 
obtained by pressing wax on to the type. This mould is then 
coated with graphite to make it conducting, and used as a 
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cathode in a copper sulphate bath: When a hard layer of 
copper has been deposited, the wax is removed, and a type- 
metal backing given to the copper to strengthen it. Such a 
plate is a good copy of the original type, and can be used for 
actual printing, while the type is set free for further use. Most 
books which run through large editions are printed from electro- 
types in this way. 

Aluminium* Until twenty years ago, aluminium was a com- 
paratively rare metal, because it was difficult to separate from 
the natural clay in which it occurred. Now it can be obtained 
by electrolysis and immense numbers of domestic utensils are 
made from it. To separate it, the clay is mixed with another 
mineral, and a powerful current passed through the molten 
mixture, so that aluminium is deposited at the cathode, it is 
interesting that the British Aluminium Works are situated near 
the Caledonian Canal, where the Falls of Foyers give water 
power which can be used cheaply to drive the dynamos gener- 
ating the electric current needed for the industry. 



CHAPTER X 


STATIC ELECTRICITY. THUNDERSTORMS. PASSAGE 
OF ELECTRICITY THROUGH GASES. NEON TUBES. 
ELECTRONS. X-RAYS 

Electrification by friction. Most people have heard the 
crackle and seen the tiny blue sparks produced when the hair is 
combed in a dark room in dry and frosty weather. Similarly a 
silk petticoat may crackle when taken off, and it may billow 
out in a curious fashion. Such effects are due to electricity 
produced by friction, and as early as 600 b.c. Thales of Miletus 
recorded that amber that had been rubbed wdth wool attracted 
light objects. Much later on Dr. Gilbert (1 540-1^03), a phy- 
sician to Queen Elizabeth, found that a great variety of other 
substances such as glass, sealing-wax and sulphur, could behave 
in the same way as anther. He called the effect electrification 
from the Greek w r ord “ elektron ”, meaning “ amber ”, and a 
body w hich j like amber, has acquired this property of attracting 
light objects is said to be electrified , or to possess a charge oj 
electricity . Since this electricity does not flow r like a current, but 
remains stationary on the body, it is known as static electricity. 

Positive and negative electricity. If vulcanite is rubbed 
with cat’s fur arid glass with silk, they will both acquire the 
property of attracting small pieces of tissue paper, but they will 
not be electrified quite in the same manner. 

Expt. 44. Electrification* (a) Rub a vulcanite rod with cat’s 
fur and suspend it by silk thread in a paper stirrup. Now rub 
a second vulcanite rod in the same way and bring it up to the sus- 
pended one. Notice that the latter is repelled. 
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(b) Take a glass tube that has been well dried in a warm place and 
rub it with silk. (All apparatus for electrostatic experiments 
should be thoroughly dried or the charges will leak away.) Bring 
the glass tube up to the suspended vulcanite rod, and notice that 
the latter is attracted. 

Suspend a pith ball by a silk thread 
(Fig. 129) and bring an electrified vulcanite 
rod near it. Notice that the ball is first 
attracted, but after touching the vulcanite 
rod and receiving some of its charge, it is 
repelled . 

(d) Take a flannel cap which has a long 
rilk thread attached to the end, and place 
it over the end of a vulcanite rod. Twist 
the thread round the cap and pull it so that 
the cap rotates and rubs the vulcanite rod. 

Leave the cap in position and bring both „ A Pttii ..... 

up to the suspended pith ball used in (c). Electroscope. 
They have no effect on the pith ball and 

appear to be uncharged. Now separate them holding the flannel 
cap by the silk thread. Both will be found to have an effect on the 
pith ball and to be electrified. 

These experiments on electrification show that there are two 
kinds of electricity causing attraction and repulsion, rather 
like the opposite polarities occurring in magnetism. Franklin 
(170(5-1790) called these two kinds positive and negative, and 
we define a positively electrified body as one which behaves like 
a glass rod rubbed, with si 77 : and a negatively electrified one as one 
which acts like vulcanite rubbed with fur. Experiment shows 
that like charges repel each other but unlike charges attract each 
other. When the flannel rubber and a vulcanite rod are 
kept together, apparently no electrification is produced, be- 
cause the amounts of each kind of electricity produced by fric- 
tion are, equal , and neutralise one another ; when the rubber 
and the rod are tested separately they are each found to be 
electrified. 

The electroscope* The suspended pith ball is a simple kind 
of electroscope, that is, an instrument for detecting electric 
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charges. A better form is the gold leaf electroscope (Fig. 130 ). 
This consists of a metal rod having a metal plate at one end and 

a strip of gold leaf (or Dutch metal) at 
the other, the rod being supported in a 
block of sulphur or vulcanite in the top 
of a glass fronted box. The sulphur or 
vulcanite acts as an insulator to pre- 
vent cl large; given to the rod from leak- 
ing away, and the box protects the 
gold leaf from being disturbed by 
draughts. When a charge is given to 
the rod, the gold leaf moves away 
from its lower end, because it is 

^ ^ T charged similarly to it and is there- 

Fig. 130. A Gold-Leaf - ^ J 

EuBCTitosrui-K. fore repelled . 

CONDUCTORS AND INSULATORS 

Expt. 45. Conductors and Insulators. To te*t if various 
substances are conductors or insulators, take a gold leaf electroscope 
and give it a negative charge bv rubbing the top plate with an 
electrified vulcanite rod. The gold leaf rises because the charge* 
distributes itself through6ut the rod and gold leaf, so that the latter 
is repelled. Now take a variety of substances, sealing-wax, iron, 
sulphur, paper, rubber, dry cotton, wet cottpn, dry silk, wet silk, 
porcelain, brass, etc., and test each to find if it Is a conductor or in- 
sulator, by touching the plate of the electroscope with it. If it; is a 
conductor, the charge of the electroscope will pass along it and 
through the person holding it to the earth ; the. leaf of the electroscope 
then falls quickly. If the substance is a partial conductor the leaf 
will only fall slowly and if it is an insulator there will be no change in 
the electroscope. If necessary, the electroscope must be recharged 
between tests. Classify the various substances in three columns thus : 



Conductors 


Partial conductors 


Insulators 
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Metals are conductors ; dry cotton and moist silk are partial 
conductors ; sealing-wax, rubber and dry silk are insulatdfcs. 
If any substance is insulated so that the charge on it cannot 
leak away it may be electrified ; this is an important difference 
from magnetic properties which are peculiar to iron and steel. 

Electrostatic Induction* Just as the attraction of unmag- 
netised pieces of iron or steel is explained by magnetic in- 
duction, so in a similar way, the attraction of light objects by 
an electrified body is due to electrostatic* induction. 

Expt. 46. Electrostatic induction* Take a long metal 
cylinder supported on an insulating ebonite rod. Touch the cylinder 
so that any charge on it flows to earth and is thus removed. Hold 
an electrified vulcanite rod near one end of the cylinder (Fig. 131) 
and touch each end of the cylin- 
der in turn with a proof-plane (a 
small disc of metal with an insu- 
lating handle). Test the charge 
on the proof-plane by bringing it 
up to an electroscope which lias 
been charged negatively. If the 
proof-plane is charged negatively 
the gold leaf will diverge more 
when the proof- plane is brought 
near ; if the charge is opposite (or if the proof-plane were un- 
charged) the leaf would fall. To make a sure test of positive charge 
it is better to recharge the electroscope positively an<J test for in- 
creased divergence. It is found that the end of the cylinder nearer 
the rod has a positive charge and the further end a negative one. 

While still holding the vulcanite rod in position, touch the 
cylinder with the hand and so connect it to earth. Then remove 
the rod and test the charge on the cylinder. It will be found to be 
charged positively throughout and is said to have been charged posi- 
tively by induction. 

Pieces of paper are attracted by a charged body because the 
latter induces an opposite charge in the side of the paper that 
is nearest, and a like charge to the side farther away. This like 
charge may be so repelled that n may leak away if it is in 
contact with a fairly good conductor, and then the paper, 



Fig. 131. Electrostatic Induction. 
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having an opposite charge to the charged body is attracted 
td it. 

If an insulated conductor like the cylinder in Expt. 46 is 
touched to earth while induced charges are being produced in 
it by a charged body, the induced charge of a like kind flows 
away and an induced charge of an opposite kind is acquired ; 
this then distributes itself uniformly throughout the con- 
ductor when the influencing body is removed. This is the 
best way of charging an electroscope and Fig. 132 shows the 



(i) <ii) (iii) (iv) 

FlG. 132. HOW TO CHARGE A GOLD-LEAF ELECTROSCOPE 
Positively by means of a Negatively-charged Rod. 


various stages in charging a gold leaf electroscope positively 
by using a negatively/charged vulcanite rod. 

Electric potential. The effect of electric induction shows 
that the influence of an electric charge is felt at a distance away 
from it ; hence an electric field is said to exist round a charged 
body. The ciir fiction of the electric force at any point in the 
electric field is given by electric lines of force, and the magnitude 
of the force is represented by the number of the lines. Since this 
force exists, it would be necessary to do work to move a charge 
about in the electric field and so all parts of the field are said to 
have a certain electric potential. If there is a difference of 
potential, electricity will flow from the place of greater potential 
to that of less, just as a stream of water flows from a higher 
level to a lower. The electric pressure described in Chapter IX 
as being produced by a voltaic cell or a dynamo and causing a 
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current to flow is the same thing as a difference of potential. 
At all points in an electric circuit, there must be a potential 
difference if a current is to flow ; this potential difference is 
measured in volts. Ohm’s Law is true for any part of a 
circuit, and relates the potential difference for that part of the 
circuit with its resistance and the current flowing through it. 

Distribution of charge on a conductor. If a conductor is 
insulated like the one used in Expt. 46, a charge distributes 
itself about it until the potential is uniform everywhere, but 
it cannot flow away to earth. The actual distribution of 
t lie charge and of the lines of force depends, however, on the 
shape of the conductor. This may be verified by taking charges 
with a proof plane from the surface of a sphere, and from the 
surface of a pear-shaped conductor. Equal charges can be 
taken from all parts of the former, but with the latter the 
charges taken from the more sharply curved end are larger and 
produce more divergence of the leaf of the electroscope. There 
is a tendency for charge to accumulate 
at points, and the sharper the point, the 
more electricity accumulates there. 

Expt. 47. Discharge from points. (a) 

Attach a needle to one terminal of a Wims- 
hurst machine (a machine for producing 
electrostatic charge) and connect the other 
terminal to earth. Turn +he machine and 
hold the flame of a candle near the needle 
point : note that it is blown away from the 
point, because the air near is so strongly 
electrified that it is repelled away fr.nn the 
needle. 

(b) Attach a Hamilton’s Mill (Fig. 133) to 
the terminal of the machine and notice how 
it rotates in the opposite direction to that of the repelled air currents. 

Thunderstorms. Air is generally an insulator, but if the 
lines of force become very crowded, it may cease to be so, and 
opposite charges may leap across a gap and neutralise one 



Fig. 133. Hamilton’s 
Mill. 
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«i Fig. 134. Lightning. 

( Photo : Dr. W. J. S. Lockyer.) 


another. Thus an electric spark passes. It may be a small one 
like that produced by a Wimshurst machine or it may be 
several miles long like a flash of lightning in a thunderstorm 
(Fig. 134), but it is the same kind of effect except that a much 
greater potential difference is required for the longer spark. 
Franklin was the first scientist to suggest that lightning was due 
to an electric spark on a large scale, and he tested his theory by 
flying a kite made from a silk handkerchief in a thundercloud. 
The lower end of the kite string was attached to an insulating 



THUNDERSTORMS 


155 


silk ribbon, which he held, and to a key. He then found that 
when the kite string was wet he could obtain sparks by placing 
his knuckle near the key, the sparks being precisely similar to 
those produced by his electric machine. Actually, the experi- 
ment was a dangerous one, and later on a Russian scientist, 
trying a similar experiment with a 
tall metal rod above his house for 
obtaining electricity from the clouds, 
was killed by a charge from the 
lower end of the rod. 

During a thunderstorm the clouds 
are charged electrically, and there 
may be a discharge between different 
clouds, or a charge of an opposite 
kind may be induced on t he earth’s 
surface, and then if the potential 
difference is great enough a dart-like 
Hash from the cloud passes to the 
earth, and the main flash then passes 
from the earth to the cloud. The 
intense heat in its path makes the 
air incandescent so that the light is 
seen, and the violent expansion of 
fhe heated air in its path causes the 
crackle of the thunder. The con- 
tinued rumble of the thunder is due 
to the reflection of the sound from 
the clouds and from the earth, and 
in a hilly district the effect is more pronounced. The reason 
for an interval of time elapsing between the lightning and the 
thunder was explained in Chapter VT. 

Lightning conductors. The electricity from the clouds will 
preferably pass to the earth by the easiest path or earth- 
connected conductor ; thus tall spires, chimneys, ami isolated 
trees are most likely to be struck by lightning. To lessen the 



Fig. 1 . 'Jo. A Lightning 
Conductor. 
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danger to a building, a lightning conductor consisting of a thick 
(Sopper rod is fixed so that its upper end projects above the 
building, and its lower end is connected to a large metal plate 
buried in moist earth (Fig. 135). 

It was shown in Expt. 47 that electric charge accumulates 
at a point and a stream of charged air is repelled from it. For 
this reason the top of a lightning conductor consists of one or 
several points so that, if a positively charged thundercloud is 
near it, the induced negative charge on the earth and conductor 
flows from the points as a steady stream of electrified air. This 
partly neutralises the cloud, and makes it less probable that a 
flash of lightning will take place. Thus a lightning conductor 
protects a building because it prevents the accumulation of 
powerful charges in its neighbourhood. 

Conduction of electricity in gases* It seems, then, that al- 
though air is generally an insulator, it ceases to be so under the 
strain of a big potential difference and so a spark may pass 
through it. If the air is contained in a vessel from which it 
can gradually be removed, the nature of the spark will change 
as the pressure is reduced and the air becomes more rarefied. 

Expt. 48. Electric spark in rarefied air* Take a tube about 
60 cm. long having two electrodes sealed into it, and a side tube 
leading to an air-pump by means of which the air may be removed 
(Fig. 136). *Connect the electrodes to the terminals of a Wimshurst 

Fig. 136. Electrical Discharge through a Rarefied gas. 

machine, so that a big potential difference can be produced between 
the electrodes. When the air is at atmospheric pressure, the distance 
may be too great for a spark to pass. Now start the air-pump work- 
ing, until the pressure inside the tube is considerably reduced ; a 
discharge will then be seen in the tube in the form of a narrow band 
of crimson light. Continue the pumping and this band will spread 
out until a crim§pn glow fills the tube. 
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The experiment shows that an electric discharge takes place 
more readily through rarefied air than through air at ordinary 
pressures, and the form of the discharge is that of a band of 
glowing gas rather than the jagged irregularity of the ordinary 
spark. The colour of the discharge varies according to the gas 
in the tube, each gas having a characteristic colour. 

Neon tubes* In recent years, the electric discharge in a rare- 
fied gas has been used to a great extent for advertisement signs. 
Neon is the gas most frequently used in the tubes made for this 
purpose, and it has a characteristic red-orange glow. Generally 
such tubes require a much higher voltage between their elec- 
trodes than can be obtained from the ordinary mains, and so 
they have to be connected to a transformer, an instrument by 
means of which the ordinary 2 30- voltage can be converted to a 
1000 volts or more. 

A further development of the discharge tubes is that of hot 
electrode tubes. In these, the electrodes are heated, and the 
tubes can then be used on the ordinary supply mains. The 
flood-lighting of buildings in colour is carried out by this means, 
different rarefied gases being used in the lamps to obtain the 
various colours. 

Electrons* Although since the time of Dr. Gilbert, scientists 
have gradually discovered more and more about electricity 
they were unable to form any satisfactory theory of the nature 
of electricity until the end of the last century. Then experi- 
ments on the discharge of electricity in a gas led to the dis- 
covery that when the pressure in a tube is reduced to a much 
greater extent than in Expt. 48, the gas ceases to be luminous 
and an invisible stream of particles is projected at a great 
speed from the negative terminal or cathode. These cathode 
rays, as they are called, consist of minute particles of negative 
electricity called electrons ; they are obtained by discharge 
through a rarefied gas because some of them get detached from 
the atoms remaining in the tube by the electric force existing. 
They can be detected by the fluorescent effect they produce on 
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the glass of the tube ; if an obstacle is placed in their path a 
dfrect shadow is caused in the fluorescence (Fig. 137) which 
indicates that they travel in straight lines. 

In Chapter IX, mention was made of the electrical nature of 
the atom. Scientists are still working to-day to find out more 

about this, but a simple idea 
(although an incomplete one) 
is that the atom is made up 
of a central nucleus of posi- 
tive electricity with a varying 
number of electrons grouped 
in some way about it. Atoms 
of different elements vary 
only in the amount of charge 
on the nucleus and the num- 
ber of electrons around it. 
The electrons are so small that the size of each is only -fats' °* 
that of a hydrogen atom, hydrogen being the simplest and 
smallest atom. •“ 

In the ordinary way, the negative charges of the electrons are 
equal to the positive charge of the nucleus, so that the w^hole 
atom is neutral or uncharged. But in conductors, there are 
often free electrons which have become separated from their 
parent atoms, and the latter are then positively charged. If 
then a negative charge is brought up to the conductor, the 
positively charged atoms, which are immovable, stay at the 
end nearest the negative charge, w hile the free electrons stream 
away to the far end. When the charge causing induction is 
removed, they return to their original positions because they 
are attracted by the positive atoms. This explains electric in- 
duction, and similarly a current of electricity is regarded as a 
flow of free electrons in a conductor under the influence of 
electric pressure. 

X-rays, In 1895, Rontgen discovered that when a stream 
of cathode rays strikes the glass of the tube they give rise to 



Fig. 1 37. The Shadow caused by 
an Obstacle in the tath of Cathode 
Rays. 
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Fig. 138. How X-rays are used for taking a Photograph. 

another kind of radiation called X-rays or Rontgen rays. 
These rays have been mentioned in Chapter VI as a type of 
electro -magnetic waves uf exceedingly short wave-length. 

To produce X-rays, a platinum or tungsten target (called an 
anti -cathode) is set in the tube (Fig. 138), so that the stream 
of electrons from the curved cathode are concentrated on to it. 
X-rays then radiate out from the anti-cathode. They have a 
peculiar property of penetrating substances which are impene- 
trable to ordinary light ; thus they pass through cardboard, 
wood, leather and flesh and even metals in varying degree. 
Moreover, they affect a photographic plate in a similar way to 
light waves, so that X-ray photographs can be taken (Fig. 139), 
showing bone, flesh and metal of varying shadow according to 
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the way in which X-rays pene- 
trate these substances. X-rays 
also produce fluorescence on a 
barium platinocyanide screen, 
and similar shadow effects can 
be seen on such a screen with- 
out an actual photograph being 
tak*m. 

Both doctors and dentists 
make use of the screen and 
the photographic effects of 
X-rays in order to observe 
defective structures in bones, 
teeth and various organs that 
they cannot see in the ordinary 
way. To examine the aliment- 
ary tract the patient is given 
a meal containing a preparation 
of bismuth or barium which is 
more opaque to the X-rays 
than the surrounding tissues. 
Similarly, an injection of a 
preparation of iodine is given 
if an examination of the lungs or nasal sinuses is necessary. 

X-rays are also used for therapeutic purposes. Malignant 
growths are rapidly growing ones and these are more sensitive 
to the radiation than the surrounding tissue, so that their 
growth may be arrested by it. 



Fig. 139. An X-ray Photograph 
of a Foot Inside a Boot 


CHAPTER XI 


COMPOSITION OF MATTER. MIXTURES AND COM- 
POUNDS. SOLUTIONS. COLLOIDS. OSMOSIS. 
CAPILLARITY. SURFACE TENSION 

Composition of matter. Our study of electricity has taught 
us that everything in the world around us is made up of 
atoms, the atoms themselves being electrical in nature. They 
are, so to speak, the bricks with which all the different sub- 
stances, such as the stones, flowers, plants and animals, are built 
up. Sometimes a substance consists of atoms only of one kind, 
and it is then said to be an element ; there are ninety-two such 
elements in the world. More often a substance consists of two 
or more kinds of atoms ; hence, an immense variety of sub- 
stances known as mixtures and compounds exist. Two of the 
most common substances we know are air and water ; air is a 
mixture of gases, chiefty nitrogen and oxygen ; water is a com - 
pound of the gases hydrogen and oxygen. Before learning more 
about mixtures and compounds, it is necessary to distinguish 
between physical and chemical changes. 

Physical and chemical changes. All substances may under- 
go either kind of change — chemical or physical. It has been 
seen that ice may turn to water and water to steam ; a wire 
may become white-hot as in the filament of an electric lamp ; 
a needle may be made magnetic so that it attracts iron filings ; 
a vulcanite fountain-pen can be rubbed, so that it attracts small 
pieces of paper. Such changes as these are physical changes, 
because the actual substance remains unaltered, and it is 
usually quite easy to reverse the change and bring the substance 
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b£^pk to its original state. Thus steam can be cooled to form 
water and water to form ice ; the filament of the lamp becomes 
normal when the current ceases ; the needle may be made to 
lose its magnetic properties by making it red-hot. 

A change of a different type takes place if a match or a piece 
of magnesium ribbon is burnt. In the former case the white 
wood changes to a piece of black carbon ; in the latter case, 
the grey metal burns with a brilliant white light and turns to 
white ash. These are chemical changes, because new sub- 
stances with new properties are formed, and it is difficult or 
impossible to convert them back into the original substances. 

Mixtures and compounds. If two elements, such as iron 
and sulphur, are taken, either a mixture or a compound may 
be formed. 

Exft. 49. A mixture and a compound, (a) Take some iron 
filings and some powdered sulphur. Mix them together and study 
the substance obtained. Bring a bar-magnet up to it, and notice 
what occurs. 

(b) Take some of the mixture of iron and sulphur and*heat it in a 
hard glass tube. Notice that it becomes red-hot and glowing. When 
the product of heating has cooled, examine it carefully, and test it 
with a bar- magnet. Put a little in a test tube and add some dilute 
sulphuric acid ; smell the'" gas obtained. Treat some iron and some 
sulphur in a similar way W'ith arid. 

A careful examination of a mixture of iron and sulphur show s 
that the particles of each element can be seen lying side by side, 
and by means of a magnet, the iron can be separated again 
from the mixture. The substance obtained when the iron and 
sulphur are heated is quite diff erent from eit her of the elements ; 
it is not affected by a magnet, and the gas given off' when sul- 
phuric acid is added to it smells of bad eggs. In this case a 
chemical change has taken place and a compound of iron and 
sulphur has been formed. Both the mixture and the compound 
contain atoms of iron, and sulphur, but they are bound to- 
gether in different ways ; molecules of iron and of sulphur still 
remain in the mixture , but in the compound new molecules con- 
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taining both iron and sulphur atoms are formed by chemical 
combination. (A molecule was defined on p. 143.) The laws 
of chemical combination will be studied in Chapter XIV, and 
it will then be seen that in a compound the substances combine 
in a certain definite proportion. In a mixture any varying 
amount of either constituent may be used. 

Thus the important differences between mixtures and com- 
pounds are that the constituents of a mixture are in any pro- 
portion and may be separated by simple mechanical means, 
whereas the constituents of a compound are of a definite pro- 
portion and have combined chemically to form a new substance 
having new properties. Air, garden-soil and brass are mixtures, 
but sal-ammoniac and copper sulphate are compounds. 

Solution* When a lump of sugar is placed in a cup of tea, it 
gradually disappears and the tea becomes sweetened. A solid 
dissolves in a liquid to form a solution, the nature of the solution 
depending on both the substance dissolved, that is, the solute, 
and the liquid in which it dissolves, that is, the solvent. Some- 
time^ particles of a solid are insoluble and then they may remain 
suspended in the liquid. Such particles are in suspension ; they 
can be removed by filtration. Special 
paper is fitted into a glass funnel, and 
the liquid is poured through (Fig. 140) ; 
the solid particles are left on the filter 
paper as a residue, while the liquid 
passes through the pores of the paper. 

The liquid is the filtrate, and if i. sub- 
stance is in solution in the liquid, it is 
still present in the filtrate and is not 
removed by filtration. 

Since there is often no visible change Fig. ho. Apparatus tor 
in a liquid when it has become a solu- Iiur^uon. 

tion, the presence of the dissolved solid may have to be detected 
by evaporation. This consists in heating the liquid in an 
evaporating dish until all the solvent passes off as vapour, 
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while the solid is left in the dish. If the solvent is to be 
regained from the solution the vapour must be made to con- 
dense again by distillation. Thus by evaporation and by dis- 
tillation both parts of a solution, the solute and the solvent, 
may be separated out again. 

Expt. 50. Solution of various substances in water* Ob- 
tain a number of common household substances, such as salt, sugar, 
sand, plaster of Paris, washing soda, starch, borax. Shake up a 
small quantity of each substance in turn with distilled water in a 
test tube. If any solid remains undissolved, filter the mixture by 
pouring it down a glass rod on to a filter paper fitted in a funnel in a 
filter stand. Collect the filtrate in an evaporating dish. 

If the substance is soluble in cold water, the liquid in the dish 
should be a solution. To test this, evaporate it to dryness so that 
all the water is driven off and only the dissolved solid remains. A 
quick way of evaporating a little of the solution is to dip a clean glass 
rod into it, and then to dry the rod in the warm air above a bunsen 
flame. If the rod remains clean, there was no dissolved solid in the 
liquid. 

Water is a very good solvent and many common substances, 
such as sugar, starch, salt and soda, dissolve in it. Sand, glass, 
metals and wax are insoluble in water although metals are 
soluble in an acid and wax is soluble in petrol ; this fact is made 
use of when grease stains are removed with petrol. 

When washing crockery and glassware, it is important that it 
be wiped quite dry. because otherwise the evaporation of the 
surplus water leaves a solid residue on the surface, just as a glass 
rod dipped in a solution retains dissolved solid when dried. 

Saturated solutions* Some substances are only slightly 
soluble in cold water ; they may dissolve more readily if the 
water is warmed. 

Expt. 51. Effect of heat on solution* Half fill a test tube 
with distilled water and add to it a small quantity of nitre. Shake 
well, adding more nitre until some remains undissolved ; such a 
solution is a saturated one. Warm the saturated solution and see if 
the undissolved solid disappears. If it does, add more nitre and 
shake well until a saturated solution is again obtained at the higher 
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temperature. Observe how very much, more solute is required to 
make a hot saturated solution than a cold one. Leave the solu- 
tion in the test tube to cool. Repeat the experiment with salt 
and lime. 

A saturated solution at a certain temperature is one in which 
the solvent can dissolve no more of the solid at that tempera- 
ture. Most substances are considerably more soluble in hot 
water than in cold. Salt is an exception and very little more 
dissolves in hot water than in cold, while in the case of lime, 
only a very small quantity dissolves in cold water and even 
less in hot. 

Separation by solution. Substances soluble in one solvent 
may, or may not, be soluble in another. Sugar and salt are 
both soluble in water ; yet salt is insoluble in methylated 
spirit, while sugar is soluble. When two substances are not 
both soluble in a certain liquid a mixture containing both of 
them may be separated by using the liquid as a solvent. 

Expt. 52. Separation of sand from a mixture of sugar and 
sand. Take about 10 gm. of the mixture and put it in an evapora- 
ting 3ish. Add distilled water and warm gently, stirring until all the 
sugar is dissolved. Filter the mixture, and if some of the sand re- 
mains at the bottom of the dish, rinse with water, and so wash all 
the sand on to the filter paper. Pour hot water through the filter in 
order to free the sand from all traces of sugar solution ; otherwise 
particles of sugar will appear on the sand when it is dry. Dry the 
filter paper and its content*- in an oven, and so obtain the dry sand. 
The sugar may be regained from the solution by evaporation. 

Distillation. Since the dissolv' d solids in a solution are left 
in the vessel when the solution is evaporated, the pure solvent 
passes off as vapour. If the vapour is then cooled it condenses 
and a pure liquid is obtained. 

The process of distillation may be illustrated by setting up a 
flask and a condenser (Fig. 141). The continual flow of cold 
w r ater through the condenser keeps the inner tube cool, so that 
the vapour passing down it from the boiling water in the flask 
is cooled and condensed. If salt and potassium permanganate 
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are added to the water in the flask, the distilled water in com- 
parison is both tasteless and colourless, and if it is evaporated 
to dryness, no residue will be found. 

In this way, pure water can be obtained from sea water, but 
although many ships carry a distilling plant, the process is slow 
and would only be used in an emergency. The process is also 
of importance in the manufacture of alcohol and of sugar and 
in many other industries. 

Solution of gases in liquids. The sharp taste of soda water 
or mineral waters is due to the carbon dioxide gas dissolved in 
them. The, amount of gas the w ater w ill absorb is greater for 
higher pressures than for low r ; hence in making soda water 
the water is brought into contact with the gas under high 
pressure. As soon as the pressure is released, that is, when the 
bottle or siphon is opened, there is the characteristic efferves- 
cence ; bubbles rise and the gas passes out of the solution. 
Even when such action ceases there is still a slightly acid taste 
which shows that some of the gas remains dissolved. 

Another common example of a dissolved gas is that of air in 
ordinary tap or spring water. The air gets dissolved when the 
water is passing through it in the form of rain and its presence 
is essential for the plant and animal life existing in w r ater. Fish, 
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Fig. 142. Dissolved Air is present in Tap Water. 


for example, pass aerated water through their gills and so 
obtain the oxygen they need for breathing. 

When water is warmed, the first small bubbles seen to rise 
through it are bubbles of air, and the flat taste of boiled or 
distilled water is due to the absence of dissolved air. The 
presence of this air can be shown by the apparatus of Fig. 142. 
The flask and tubes are completely tilled with tap water and 
the water in the flask is boiled for some time. Any steam 
formed condenses again in the cold water of the trough but 
some gas collects in the tube. This, when tested, proves 
to be air. 

Solution of liquids in liquids. As well as solids, and gases 
dissolving in a liquid, it i<* possible for one liquid to dissolve 
in another. For example, alcohol, glycerine, and, to a certain 
extent, ether, are all soluble in water, and a clear homo- 
geneous solution like a solution of sugar in w T ater can be 
obtained. 

In certain cases, however, the mixture of two liquids results 
in a, turbid liquid which is not a true solution. Thus if turpen- 
tine is shaken up with water, it may appear to dissolve but 
actually the oil breaks up into tiny globules which remain in 
suspension in the liquid, and form an emulsion. When the 
liquid is left to stand, the drops tend to join up, so that the two 
liquids separate again, the oil rising to the surface. Similarly, 
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milk is an emulsion, its colour being due to droplets of fat in 
suspension in a watery liquid ; many of these rise to the top as 
cream when the milk is allowed to stand. 

Colloidal solutions. Solutions like milk, which are not true 
ones, because the dispersed particles are not small enough for a 
clear liquid to be formed, are known as colloidal solutions. If the 
particles in such a solution are too small to be visible with a 
microscope, the liquid is a true colloid,; if, as in milk, the particles 
are visible and liquid, the fluid is said to be an emulsion. If the 
particles are visible and solid (for example, soot in water), the 
fluid is said to be a suspension. 

The particles often depend for their stability on the presence 
of some other substance to keep them dispersed. A certain 
separation occurs in milk when the cream rises, but the casein 
and calcium salts present help to keep the particles of fat sus- 
pended. Salad dressing is an emulsion of oil and vinegar which 
requires egg or mustard to maintain it as a stable colloidal 
solution. 

Many colloids occur naturally in plant and animffl life, qs, for 
example, milk, white of egg, glue, starch, and rubber latex (the 
milky juice of the tree). Such colloidal solutions may coagulate 
or evaporate to form idolid or semi -solid masses called gels. 
Thus white of egg, on being heated, coagulates from a colloid 
to form a gel, and liquid glue can change to a harder kind of 
gel, a toffee-like substance. Many plants and animal tissues 
are flexible gels formed from colloids. 

To distinguish between colloids and true solutions, they are 
tested to see how they diffuse through a membrane into w^ater. 
Diffusion is the movement of molecules of gases or liquids which 
causes them to become mixed ; thus it is obvious that a gas 
such as ether vapour has diffused through the air, when it can 
be smelt everywhere in a room. Or if a crystal of copper sul- 
phate is put in some water, the bltie solution that is formed as 
the crystal dissolves can be seen to spread and diffuse through 
the water. 
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Expt. 53. Diffusion of solutions through a membrane* 

Take a funnel and cover the mouth with a piece of soaked parchment 
paper, or a pig bladder, tied on securely with waxed thread, so that 
the apparatus is watertight (this is a dialyser). Pour a solution of 
potassium iodide and starch into the funnel, and suspend it in a 
vessel of distilled water, so that the parchment paper is below the 
level of the distilled water (Fig. 143). Leave for half an hour to test 
how the starch solution and the potas- 
sium iodide diffuse through the mem- 
brane. Then add chlorine water to 
the water in the vessel and a yellow 
colour will be seen ; this is due to 
iodine liberated from the potassium 
iodide by the chlorine water. This 
shows the potassium iodide solution 
has passed through the membrane. A 
test for starch is that it gives a blue 
colour with iodine, and the fact that 
the iodine in the outer vessel retains 
its yellow colour shows the absence of 
starch. The starch solution, then, has 
not passed through the membrane. 

A solution like the potassium io- 
dide, which readily diffuses through 
a porous membrane, is a true solu- 
tion or a crystalloid, while one, like starch, which does not do 
so, or does so only with difficulty, is a colloid. ♦ 

Osmosis* The process by which two liquids or two gases 
separated by a porous partition may yet diffuse into each other 
is called osmosis, and it is by this means that water passes 
through the cell walls of the root hairs of plants. This water 
from the soil is needed partly to keep the plant rigid (it will wilt 
and droop if waterless), and partly to provide food for it from 
the various compounds that are dissolved in the water by its 
contact with the soil. 

ExrT. 54. Osmosis. Fix up sim^ar apparatus to Expt. 53, but 
this time pour a solution of diluted golden syrup into the funnel. 
Make a mark on the stem of the funnel to show the level of the syrup* 



Fig. 143 . Diffusion through 
a Membrane. 
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The outer vessel contains water as before. Diffusion takes place, and 
the coloured syrup can be seen to have passed through the membrane 
into the water. But in addition, the level of the liquid in the stem 
of the funnel rises, so that there is more water that has diffused in , 
than syrup that has diffused out. 

This experiment shows that diffusion can take place in both 
directions through a porous membrane, and where there are 
solutions of different concentrations on each side of it, the 
tendency is for the total amount of liquid all to be of the same 
concentration. Hence more water passes in than syrup out, 
and it is the weaker solution that tends to pass more readily 
through the membrane. 

In the case of a plant, the syrup is like the cell contents of the 
root hairs and the parchment is like the membrane of the cell 
wall. As in the experiment, the soil-water passes through the 
membrane into the root hairs, and also passes from cell to cell 
by osmosis. In the case of the plant, however, the cell contents 
do not, like the syrup, pass out into the soil, and the membrane 
is only semi-permeable, i.e. there is diffusion through it only in 
one direction. 

Capillarity* Once water has entered the roots of a plant by 
osmosis, one of the factors that helps it to rise up the stem is 
the effect of capillarity. This can be illustrated by taking a 
number of dine tubes of different bore, and supporting them 
so that their ends dip into coloured water (Fig. 144). The water 
rises to varying extents in them according to their diameters, 
in contradiction to the fact of normal water-level as discussed 
in Chapter III. The reason is that when water or some other 
liquid is contained in a fine tube, a contracting force at the 
surface known as surface tension acts against the weight of the 
column of water, and water is drawn up the tube until the 
forces due to surface tension and to gravity neutralise one 
another. 

Thus by capillarity water rises in the minute capillary pas- 
sages or ducts that traverse the stem of a plant. Many other 
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common phenomena of everyday life are due to the same 
cause. For example, ink is absorbed by blotting paper ; oil 



Fig. 144. The Liquid rises to different Levels in 
Capillary Turks of different Bore. 

rises in the wick of lamyis : a lump of sugar becomes saturated 
with moisture if only one corner of it is immersed : a piece of 
muslin or a towel gets completely wet if one end of it rests in a 
bowl of water. 

Surface tension* The effect of surface tension is as if a thin 
skin were stretched over the surface of the liquid and pulled 



Fig. 14f>. An Insect walking on the Sl.rface of Water. 

tightly in every direction. This may be shown by scattering 
lycopodium powder on the surface of water in a trough, and 
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touching the surface of the water with the finger. The grease 
of the finger changes the surface tension at the points of con- 
tact, and the powder can be seen to move as if a light skin were 



Fig. 146. Wrra Drops of Mercury of varying Size, the 
Smallest are most nearly Spherical. 

broken at these points. A small needle can be made to float 
on water if first supported by a thin piece of paper which can 
be moved gently away, and on looking at the floating needle 
carefully it can be seen to depress the surface slightly as if there 
were a skin on the water. For this 
reason, small insects can run on the sur- 
face of water (instead of sinking or float- 
ing according to the Law of Flotation), 
because their weight is too sifoall to over- 
come the surface tension (Fig. 145). 

Surface tension is due to the attractive 
forces of the molecules being free to act 
at the surface. The cohesive force be- 
tween the molecules causes a small drop 
of liquid to draw itself together so that 
it has the smallest possible surface for a 
given volume ; it would then be a sphere. 
Actually, the force of gravity acts on the 
drops also so that they tend to take the 
shape of flattened globules if their size 
and weight is at all appreciable. The smaller the drop, the 
less the influence of gravity compared with that of surface ten- 
sion ; hence in drops of mercury of varying size (Fig. 146) the 
smaller ones are the most nearly spherical. Small drops of 
water in the form of rain or dew are nearly spherical also. 



slowly in Warm Water. 
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The formation and rupture of a drop can be seen very easily 
if, by an arrangement of a drop funnel, drops of warm aniline 
are allowed to form in water that is at a temperature of about 
60° C. (Fig. 147). At 64° C. aniline has a density equal to that 
of water, so aniline slightly cooler than this will be only a 
little more dense than water at 60° C. Consequently the drops 
forming will be almost independent of the force of gravity, be- 
cause most of their weight is supported by the surrounding liquid. 
They can, therefore, be seen to form quite slowly, and when the 
narrow connecting neck ruptures, they float gently down main- 
taining a spherical shape under the influence of surface tension. 



CHAPTER XII 


THE AIR 

Properties of the air* The air around us, although invisible, 
is yet essential for every kind of life. The early Greeks con- 
sidered it to be one of the four elements fire, air, earth and 
water, of which they thought every other substance was com- 
posed. Nowadays our idea of the nature of things has altered, 
but it is still true that fire, air, earth and water are essential for 
human life, and if air and water ceased to exist, plant and 
animal life would become extinct. 

Air is a mixture of several invisible gases, and the present 
chapter deals with its exact nature and composi^on. It has 
already been seen that it expands when heated, and that it 
has weight and exerts pressure, the pressure varying slightly 
from day to day in association with weather changes. 

Rusting of iron* Certain common changes take place in the 
presence of air. One of these is the formation of a reddish- 
brown powder on the surface of iron exposed to the air. This 
rusting effect seems to occur most readily when the air is damp, 
and the change may be due to the air, or to moisture, or to both. 

Expt. 55. Iron exposed to air-free water* Take a round- 
bottomed flask, place some bright iron nails in the bottom and fill it 
three-quarters full of water. As was seen in Chapter XI, this water 
contains dissolved air ; to remove this air, boil the water vigorously 
for ten minutes. Remove the burner, and quickly cork the flask 
tightly. Since the water was boiling vigorously, the steam above it 
will have driven all the air out from the flask, and the latter should 
contain only air-free water and water vapour. Leave the flask for a 
week, then examine it and see if the nails have rusted (Fig. 148 (i)). 
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Expt. 56. Iron exposed to dry air* Place some of the same 
bright iron nails on a watch glass, and put them in a desiccator (Fig. 
148 (ii)). This vessel has an air-tight lid, so that no damp air from 
outside can enter, and at the bottom there is a layer of calcium 



Fig. 148. Iron Nails Exposed to (i) Atr-free Water 
and (ii) Dry Air. 

chloride which absorbs all the moisture from the air inside the vessel. 
Leave the nails thus for a week : then examine them to see if they 
have rusted. 

In neither case do the iron nails show signs of rusting, although a 
change soon takes place if the cork is taken out of the flask or if the 
desiccator lid is left oil. It seems as if both air and moisture are 
essential for rusting. 

Changes produced in iron and air by rusting* The rust that 
appears on iron must be due to some substance being either 
gained or lost by the iron. Which has occurred can'be detected 
by weighing. 

Expt. 57. Change of weight of iron on rusting* Weigh a 
watch glass containing a heap of iron filings. Damp the filings, and 
leave them for some days in a place free from dust. Warm them 
gently in an oven or over a sandbath to ensure that they are as dry 
as they were at the beginning and then re-weigh. 

When iron rusts there is an increase in weight, so that it appears 
as if some substance must have been taken from the air or from 
moisture so that the rust might be formed. 

Expt. 58. Changes produced in air by iron rusting* Damp 

the inside of a glass jar, place a few iron filings inside and rotate the 
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jar horizontally so that the iron filings adhere to the sides. Place the 
jav mouth downward in a trough of water (Fig. 149) and leave for a 
week. After some days the water is seen to 
have risen in the jar. Measure the height of 
the water in the jar above that in the basin, 
and, similarly the height of the jar ; estimate 
what fraction of the air in the jar has been 
used up. Slide a glass cover over the mouth 
of the jar, lift it out of the trough, and invert 
it. Slide the cover to one side and lower a 
lighted taper into the jar. 

Apparently about one-fifth of the air is 
used up when iron rusts and since a lighted 
taper goes out in the remaining gas, the part 
used up must be that which enables things to burn readily, that is, 
the part that supports combustion. The changes that take place when 
substances burn may be similar to the rusting of iron. 



Fig. 149. Iron Fil- 
ings Rusting in an 
enclosed Volume of 
Air. 


Changes produced by burning. Substances such as paper 
and wood burn aw^ay until only a fev T ashes remain. Less com- 
bustible materials, such as metals, undergo a change when 
heated strongly, but the change is not generally «o rapid. A 
coloured powder appears on the part of the metal exposed to 
the air ; on copper the pow'der is black, on lead yellow. Mag- 
nesium is more readily^combustible than most metals, and can 
quickly be converted to a white powder. 


Expt. 59. ‘ Change of weight of magnesium on heating. 

Weigh a clean crucible and lid ; break a piece of magnesium ribbon 
four or five inches long into small pieces, place in the crucible and 
re- weigh. Heat for some time, lifting the lid at frequent intervals to 
allow fresh air to get to the magnesium, but taking care that none 
of the white powder formed escapes. When all the metal has been 
converted to a w r hite powder, leave to cool and re-weigh. From the 
increase in weight and the original weight, calculate the percentage 
increase in weight. Compare the result with other members of the 
class. 


There is a definite increase in weight when magnesium is 
heated ; and since different experiments all show an increase 
in the same proportion, the white powder formed must be 
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similar in all cases, and of a certain composition. It was seen 
in Chapter XI that when substances combine in a certain 
definite proportion a compound is formed : thus white powder 
formed from the element magnesium is a compound made by 
the air, or part of it, combining with the metal. 

Expt. 60. Change produced in air by phosphorus burning* 
(Phosphorus should be cut under water and on no account should it be 
touched with the fingers, or left for any length of time out of water.) 

Before starting the actual experiment, place a small piece of phos- 
phorus on a tile, ignite it by touching it with a hot wire, and note 
how dense white fumes are produced as it burns. 

Cut a piece of phosphorus of the size of a large pea, and dry it with 
blotting paper. Place it in a dry crucible and float the crucible in a 
trough of water. Cover it carefully with 
a bell- jar having an air-tight glass stopper 
(Fig. 150). Remove the stopper and ignite 
the phosphorus by touching it with a hot 
wire. Quickly replace the stopper and 
observe what happens as the phosphorus 
burns. 

Dqnse white fumes are formed and at 
first the level of the water inside the jar 
sinks, but it soon begins to rise slowly, 
and continues to do so until action ceases. 

Let the jar cool and the white fumes 
settle. Then lift the jar and measure the height of the water inside 
above that outside and also the height of the jar. Estimate approxi- 
mately what fraction of tl; * air has been used up by the phosphorus 
in burning. 

To test the remaining gas, pour water into the trough until the 
level inside and outside the jar is the same (this prevents air enter- 
ing), then remove the stopper and lower a lighted taper into the jar. 
Now remove the jar, invert it and shake up in it some water coloured 
with blue litmus solution ; the solution turns red, showing an acid 
is formed by a product of the burning dissolved in water. 

Similar results are obtained from experiments on burning and 
rusting. In both cases, the substance increases in weight, and 
one-fifth of the air is used up, the part removed being that 
which supports combustion. The similar nature of the two 
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processes can be shown still further by the fact that chemical 
analysis of the white powder formed when magnesium is left 
exposed to damp air shows it to be identical with the white ash 
formed when the metal burns. 

Composition of the air* The chief gases in the air are one 
which supports combustion, oxygen, and one in which a lighted 
taper will not burn, nitrogen, the proportion being approxi- 
mately one-fifth of oxygen and four-fifths of nitrogen. Ex- 
pressed in percentage form the composition of dry air by volume 
is as follows : 


Oxygen 

- 

- 

20*96 

Nitrogen 

- 

- 

79*00 

Carbon dioxide 



0*04 

100*00 


Of the 79 per cent, of nitrogen, however, nearly 1 j^r cent, con- 
sists of argon, neon, helium and other rare gases, which are 
present in very small quantities. The latter are inert gases, 
that is, they do not 9 ombine at all readily with most other 
substances, nor do they burn or allow other substances to burn 
in them. Thus, as has already been mentioned, helium is used 
for filling airships and neon for electric lamps and signs. The 
amount of carbon dioxide varies when respiration and burning 
take place ; Experiment 25 showed that much more carbon 
dioxide was present in expired air than inspired. In addition 
to the gases mentioned, water vapour is always present as the 
result of evaporation from rivers and seas ; the amount varies 
from day to day according to the weather. Like carbon dioxide, 
the amount in the air inside buildings depends on the venti- 
lation. 

Air is a mixture of these various gases, not a compound. The 
composition is not definite, for the amount of the different 
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gases present varies slightly. The constituents can easily be 
separated (as wa>s done in the experiments on burning and 
rusting) and, conversely, if the right amounts of the gases are 
taken and mixed, a sample of air is obtained without any 
chemical change taking place. The properties of air are similar 
to those of the gases from which it is composed and might be 
predicted from a knowledge of their properties. All the charac- 
teristics of composition, separation and properties are typical 
of any kind of mixture, but not of a compound. 

Oxygen* It is well known that doctors use oxygen to sustain 
life when a person is very ill with some such disease as pneu- 
monia. It is the constituent of the air which is essential for 
combustion and for the life of men, animals and plants. 

When burning and rusting take place, the active portion of 
the air — the oxygen — is used up, and goes to form compounds 
with such elements as iron, magnesium and phosphorus. 
Priestley in 1774, when experimenting with a similar compound 
formed by heating mercury in air, first obtained the gas, oxygen, 
in a separate state. The substance he used was a red powder, 
mercuric oxide. 

Expt. 61 . Effect of heating mercuric oxide* Put a small 
quantity of mercuric oxide in a hard glass tube and heat it strongly. 
Place a glowing splint of wood in the tube and see that it relights 
with a slight pop. Notice the silvery deposit on the cold part of the 
t ube ; rub it with a pencil md see that drops of mercury form as the 
minute particles run together. Heat red lead also and test the gas 
given off. 

When mercury is heated strongly in air it combines with the 
oxygen of the air to form mercuric oxide. Conversely when 
mercuric oxide is heated, it breaks up again into its two con- 
stituents, oxygen and mercury. The oxygen is given off, and 
can be detected by the usual test for the gas— the relighting of 
a glowing splint. Red lead, when heated, gives off oxygen and 
turns into a compound of lead and oxygen called litharge ; 
obviously litharge contains less oxygen than red lead. 
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Preparation and properties of oxygen* Mercuric oxide is 
expensive and gives off oxygen somewhat slowly. To obtain a 
large quantity of oxygen, oxygen mixture is used. This con- 
sists of potassium chlorate and manganese dioxide ; the oxygen 
is obtained from the potassium chlorate, and the manganese 
dioxide has the curious effect of making the oxygen come off 
more easily and at a lower temperature, while itself remaining 
unchanged. 

Expt. 62. Preparation of oxygen. Powder some crystals of 
potassium chlorate and mix with it a small amount of manganese 
dioxide (about four parts to one). Place the mixture in a hard glass 
tube, support the tube horizontally and connect it by a delivery 
tube to a trough of water as shown in Fig. 151. Fill several gas jars 



Oxygen 



Fig. lift. Preparation or Oxygen. 

k 

with w r ater and invert them in the trough. Gently warm the tube 
and when the air has been driven out of the apparatus collect several 
jars of oxygen by displacement of the water in the jars. Cover the 
mouths of the jars with a greased glass plate and remove them from 
the trough. Do not cease to heat the hard glass tube until after the 
end of the delivery tube is removed from the water. 

To examine the properties of oxygen, various substances are 
heated on a deflagrating spoon till they start to burn ; they are 
then lowered into a gas jar of oxygen, so that they continue to 
burn in the gas. Litmus solution is then shaken up in the jar, 
and if the substance formed by burning dissolves in water, the 
solution may turn red or blue ; a red colour shows an acid is 
formed while a blue colour indicates an alkali. 
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Expt. 63. Properties of oxygen* (a) Test the first jar of gas 
(using one of the last to be collected) for colour, taste and smdl. 
Hold a glowing splint of wood in the gas ; it bursts into flame. 

(6) Lower a lighted candle on a deflagrating spoon into another 
jar ; it bums with a larger and a brighter flame. 

(c) Burn a small piece of roll sulphur in one jar ; it burns with a 
bluish flame and a pungent smelling gas is formed. On shaking up 
ivith litmus, the gas dissolves to form a red solution. 

(d) Perform a similar experiment with phosphorus ; it burns with 
a brilliant flame and there are dense white fumes. These dissolve 
when shaken up with litmus to form a red solution. 

(e) Attach some strands of fine iron wire to the spoon and heat 
them to red -heat. Quickly insert them in a jar of oxygen and a 
“ fireworks ” effect is produced as the iron burns. The black solid 
left is insoluble in water and has no effect on litmus. 

( / ) In a similar way, burn a piece of dry charcoal in another jar ; 
it burns brilliantly. Add some lime water to the jar and shake ; the 
lime water turns milky. 

(g) Quickly lower a piece of burning magnesium ribbon into a jar ; 
it burns with a dazzling brilliance. The white powder formed is 
slightly soluble in water and turns litmus blue. 

(h) Burn a pier*e of sodium in oxygen (taking care only to handle 
the sodium with tongs or forceps) ; it burns with a yellow flame. The 
white solid formed is soluble in water and turns litmus blue. 

Oxygen has no colour, taste or smell. Substances burn in it 
much more brilliantly than in air and some, such as charcoal and 
iron, which do not burn readily in air, bum vigorously in oxygen. 

Oxides. Most elements burn very vigorously irf oxygen to 
form compounds called oxides. Some oxides, such as those of 
carbon and sulphur, are gases ; others, like magnesium, iron, 
phosphorus and sodium, are sobds. When they dissolve in 
water, in some cases an acid solution is formed, and in others 
an alkaline. Magnesium and sodium are metals, whereas phos- 
phorus, sulphur and carbon are non-metals. It seems, then, 
that metallic oxides, when soluble in water, form alkalis and non - 
metallic oxides, when soluble in water, fonn acids. When oxygen 
was first discovered, it was thought that all acids contained 
oxygen, but it is now known that some acids are not formed 
from oxides, and contain no oxygen. 
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Prevention of rusting* The metal most commonly used in the 
World to-day is iron and consequently our time is often called 
the Iron Age. It will be seen in Chapter XV that by various 
processes the natural iron ore, which chiefly consists of oxides 
of iron, can be converted into metals of differing strength and 
hardness and so we have mild steel and hard steel, wrought 
iron and cast iron. Each of these has its different uses — for 
knives, scissors, railway lines, gate and a multitude of other 
objects. 

One great disadvantage of iron, however, is the corrosion that 
occurs when it is exposed to air and water (as was seen in 
Expts. 55-57). The red powdery substance known as iron rust 
is an oxide of iron (or more exactly it is partly an oxide, partly 
a hydroxide) and the formation of it causes much waste, because 
layers scale off and more metal is exposed to the air until the 
whole of the metal tends to become corroded. Once a surface 
has started to rust, the process proceeds more rapidly. It has 
been seen that the presence of air and of moisture favours 
rusting, so that the simplest method of proven tingf it is to, keep 
the air aw ay from the iron surface. This is often done by cover- 
ing the iron wdth some material which wdll protect it from the 
air. Thus many kitchen and household utensils are covered 
w ith enamel, a glaze that is put on in a molten state and which 
solidifies on cooling. Other tin articles used for cooking are 
really made of sheet iron covered wdth a thin layer of tin. The 
substance known as galvanised iron, largely used for pails, baths 
and tanks, consists of iron w hich has been coated with molten 
zinc and then left to cool. Unlike enamel, zinc readily dissolves 
in acids, so that galvanised iron vessels are not suitable for acid 
foodstuffs. 

When tools or utensils made of iron or steel are only used 
infrequently and need to be stored, they may be kept from 
rusting by covering them with oil or vaseline. For outdoor 
purposes, such as railways and water pipes, paint is generally 
used to preserve the iron. 
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In recent years, great progress has been made in the 
manufacture of new kinds of steel by combining small quan- 
tities of other metals with it. Thus stainless steel containing 
a small proportion of chromium and nickel is both rustless 
and stainless, and is now used extensively for cutlery and 
tableware. 

Nitrogen* The nitrogen in the air dilutes the oxygen and 
so slows down its very active effect. In an atmosphere of pure 
oxygen a candle would burn away with much brilliance in a 
few minutes ; in an atmosphere of pure oxygen our lives might 
be short but fiercely active. Despite the fact that nitrogen is 



so inactive in the ordinary way, it is of vital importance to plant 
life. The majority of plants cannot make use of the, nitrogen in 
the atmosphere but where it is present in compounds such as 
nitrates (in compounds it is known as “ fixed ” nitrogen), it can 
easily be absorbed from the soil. 

In Expts. 58 and 60, the gas obtained was almost entirely 
nitrogen. Any experiment in which oxygen is removed from 
a given volume of air is a means of obtaining nitrogen in a 
fairly pure state. 

A better way of removing the oxj^gen is by passing air slowly 
over heated copper filings (Fig. 152). As water is poured into 
the aspirator, air is forced out, so that it passes through the 
smaller bottle containing caustic potash ; this absorbs the 
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carbon dioxide. The air then passes over the heated copper 
filings and these combine with the oxygen in it to form a black 
oxide of copper. Nitrogen is thus collected in the gas jar. It 
is a colourless, odourless, tasteless gas, very slightly soluble in 
water. A lighted taper lowered into it goes out immediately. 
Although it does not support combustion or sustain life, it is 
not in itself poisonous, or obviously we should not breathe it 
with impunity. It docs not make lime water milky (this is a 
way of distinguishing it from carbon dioxide), and it combines 
directly with very few substances. 

Carbon dioxide. When carbon (or charcoal) is burnt in a jar 
of oxygen, the gas formed turns lime water milky.' This gas, 
carbon dioxide, is only present in a small quantity in the air, 
but it is continually being produced by the respiration of 
plants and animals and by the burning of different fuels. So 
when coal, which consists chiefly of carbon, is burnt, carbon 
dioxide is formed and a great deal of heat is given out. Our 
flesh contains compounds of carbon and when these are 
slowly oxidised by the oxygen of the air we br^tthe in, car- 
bon dioxide is formed, and we derive heat and energy from 
the process. 

With carbon dioxidp continually being formed in this way it 
might be expected that the percentage present in the air would 
increase, but actually such is not the case. One reason is that 
carbon dioxide is the chief food of plants ; they take it in and 
use it for the manufacture of their food. Another reason is that 
the oceans help to regulate the amount of carbon dioxide 
present in the atmosphere ; the gas is soluble in water, and if 
too much is present in the air. the sea water dissolves more, or 
if there is too little, the sea gives up some to the air. 

Expt. 64. Use of carbon dioxide by plants. Take some 
fresh watercress and place it in a beaker of soda water (or water 
saturated with carbon dioxide). Over the plant place a funnel and a 
test tube full of the same water (Fig. 153) ; the funnel should be 
supported on three wires so that it does not touch the bottom of the 
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Fig. 153 . In the Sunlight the Watercress gives off Oxygen. 

beaker. Leave the apparatus in bright sunlight for some hours. 
Bubbles of gas will be seen to rise from the leaves and collect in the 
test tube. Remove the test tube and test the gas with a glowing 
splint. Repeat the experiment, but keep the apparatus in the dark. 

Plants breathe in oxygen and give out carbon dioxide just 
like animals, but in addition, they obtain their food by ab- 
sorbing carbon dioxide and giving out oxygen, as in the experi- 
ment. This latter process only takes place in the presence of 
sunlight, so that green plants only feed in the daytime. More 
will be said about the respiration and nutrition of plants and 
animals in Chapter XVII. 

Expt. 65. Preparation of carbon dioxide* Fit up a flask 
with a cork, thistle funnel and delivery tube as shown in Fig. 154. 
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Place some pieces of marble in the flask and pour hydrochloric acid 


do'vvn the funnel until the acid 



covers the bottom of the funnel. 
Collect the gas by downward dis- 
placement, that is, by letting the 
gas pass down the delivery tube 
into the gas jar, where, being 
heavier than the air, it will dis- 
place it and fill the gas jar. To test 
if a gas jar is full, put a lighted 
taper just inside the mouth ; it 
goes out when the gas fills the jar. 
Collect four jars of the gas. Let 
the gas bubble through a beaker 
of water ; taste the water. 


Fig. 154. 


Preparation of 
Carbon Dioxide. 


Expt. 66. Properties of car- 
bon dioxide, (a) Examine one 
jar for colour, taste and smell. 
Verify also that a lighted taper goes out when plunged right into it. 

(6) Pour the gas from one jar down into another (Fig. 155). Test 
for its presence in the two jars with a lighted taper. 

(c) Pour some water coloured with lit- 
mus solution into a jar of the gas. Shake 
it up and notice the colour change to 
red. 

(d) Pour some lime water into a jar 
and shake it up well. Tilter the mi iky 
solution and examine the white sub- 
stance on th% filter paper. Put some in 
a test tube, add hydrochloric acid, and 
see if the gas given off can be poured 
down into some clear lime water in a 
second test tube. 



Fig. 155. Carbon Dioxide 
Carbon dioxide can be prepared * lAY BK POUKKD ™ OM ONE 

Jar into another. 

by the action of dilute hydrochloric 

acid on marble or chalk. The gas has no colour or smell, 
and does not support combustion. It can be poured downward 
because it is heavier than air. It gives an acid taste to water, 
and dissolves in it to form an acid solution. The usual test for 
it is that of turning lime water milky ; the milkiness is due 
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to the formation of particles of chalk which are in suspension 
in the lime water. 

Water vapour. The water vapour in the air of a room is 
obvious when some of it condenses as drops of water on a cold 
window-pane. Out of doors, clouds, rain, mist, fog and dew 
all consist of particles of water formed by the condensation of 
the water vapour in the atmosphere and when it is suffi- 
ciently cold for such water to freeze, snow, hail and hoar-frost 
result. 

Dew. Warm air can absorb more water vapour than cold, 
so that when warm air cools it cannot retain all its moisture 
and there is a tendency for some to condense. Thus when the 
air becomes cooled at night, under certain conditions, some of 
its moisture will be deposited as dew. The most favourable 
conditions are (1) when there is a little wind, so that the cold 
layer of air near the ground is stationary ; and (2) when the sky 
is clear, so that the earth can radiate its heat freely without the 
waves of radiant heat being reflected back by the clouds ; the 
temperature of the air and the earth near it is then considerably 
lowered. Certain conditions, then, are necessary for dew, but 
at any time dew can be obtained from the air by cooling it. 
The temperature at which the air deposits its moisture in the 
form of dew is the dew-point, 

• 

Expt. 67. Determination of dew-point. Half fill a brightly 
polished metal vessel with water. Add ammonium chloride or small 
lumps of ice, stirring gently with a thermometer and watching for 
dew to appear on the outside of the vessel. Care must be taken not 
to get too near or to breathe oil tlu surface ; it is better to interpose 
a sheet of glass between the vessel and the face. At the first sign of 
dew, read the thermometer. Remove the surplus ice, and let the 
water warm up until the dew disappears again. Take the mean of 
the two thermometer readings as the dew-point. 

The dew-point varies from day to day. On a cold winter’s 
day, the amount of water vapour in the air may very nearly 
saturate it, and it may only need to be cooled a few r degrees 
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before dew-point is reached. On a warm, dry day a great deal 
of cooling may be necessary. 

Clouds* The air is continually moving and generally the 
tendency is for streams of air to move upwards, particularly in 
regions of low barometric pressure. Such upward currents of air 
become cooled on reaching higher layers of the atmosphere 
until eventually the temperature of the air falls below its dew- 
point, and the water vapour condenses to form minute particles 
of water. At first these are too small to be visible, but as they 
are carried upwards they increase in size till they become large 
enough to be visible ; the level at which this occurs is cloud- 
level and the visible particles of water form the clouds. The 
cloud-level is, of course, not constant, but when the water 
particles in a cloud are sufficiently cooled by a cold current of 
air or by being carried higher up, they collect together and form 
drops which fall as rain. If the condensation of the water vapour 
occurs at a temperature below 0° C., snow falls instead of rain, 
r' The four chief types of clouds are cirrus, cumulus, stratus 
' and nimbus clouds (Fig. 156). Some clouds have character- 
istics ofiwo types, and so are named cirro-cumulus, cumulo- 
nimbus and so on. /^Cirrus clouds are white streaky Ayisps very 
high in the sky ; actually they are from five to ten miles above 
the earth, and at that height the water is frozen, so that they 
consist of minute particles of ice. [ Cumulus clouds are the big 
white fleecy ones that look like lqmps of wool ; they are often 
only a mile above the earth. One often sees in a blue sky, 
cirrus clouds very high up and apparently stationary, with 
1 / fluffy cumulus ones moving rapidly across lower down. A 
mackerel sky is like both types, and so is termed cirro-cumulus. 
Stratus clouds are horizontal flat stretches of cloud, particularly 
noticeable at sunset ; they are quite low and consist of banks 
of lifted fog. Nimbus clouds are rain clouds ; they are dark and 
shapeless with uneven edges and frequently they are so low 
that on a hill or mountain it is possible to be in them or above 
them. 
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*Mares Tails'- Gurus 



Cumulo-Nimbus 

Fig. 156. Some Typks of Clouds. 
(From photographs by M. O. A. Clarke, Aberdeen .) 
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Humidity* The dampness of the air is important with regard 
to l its effect on health and industry. Its effect on health has 
been considered in connection with ventilation, and it is also 
well known that a climate that is very damp as well as very hot 
is far more trying than a hot, dry one. Industries, such as 
cotton manufacture, require a certain humidity of the air. In 
a house, the rate at which wet floors or wet clothes dry depends 
on how quickly the water evaporates, and this is determined 
by the dampness, or humidity, of the air. The humidity, how- 
ever, depends not only on the amount of water vapour actually 
present, but also on the amount that would be required to 
saturate it ; if the amount present is 
nearly great enough to saturate the air, 
the humidity is very high. For meteoro- 
logical purposes, the relative humidity is 
determined. 

Relative humidity = 

Amount of water vapour present in the 
air at a given temperature 
Amount of water vapour that would 
saturate it at the same temperature 

Wet and dry bulb thermometer* The 

usual instrument for determining the rela- 
tive h umidity of the air is the wet and d£y 
bulb thermometer. It consists of two pre- 
cisely similar Fahrenheit thermometers 
(Fig. 157), the bulb of one being surrounded 
by a muslin cover from which strands of 
cotton dip into a vessel of water. Thus 
Fig. 157. A Wet the muslin is kept wet by capillarity, and 
and Dry Bulb Ther- evaporation is continually taking place 
from the muslin. In this way the wet 
bulb is cooled and always registers a lower temperature than 
the dry one. The difference of the readings of the two 
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thermometers is greater on a dry day because evaporation 
is more rapid and the cooling effect is more pronounc&d. 
A value for the relative humidity of the air can be obtained from 
tables when the wet bulb reading and the difference between 
the two readings is known. 

Expt. 68. Variation in humidity of the air* Read the wet 
and dry bulb thermometer every day for a fortnight. Plot a graph 
of the readings. Notice how the difference varies from day to day, 
and decide from the graph which day would have been the best for 
drying clothes. 



CHAPTER XIII 


WATER 

Properties of water* Water is one of the most common and 
most necessary substances in the world around us. It has been 
seen that the way in which it is supplied to our homes is the 
result of its property of exerting pressure and tending to find 
its own level. It is known also that 1 c.c. of water at 4° C. 
weighs 1 gm., this actually being the origin of the metric unit of 
weight. Water is familiar in all three states, solid, liquid and 
gas. Below 0° C. it exists as ice ; at 0° C. it molts to form 
liquid water; at 100° C. the liquid is converted into steam. 
Steam is pure water and by the process of distillation, steam 
can be condensed to form the pure liquid. * 

In the analysis of distilled water by electrolysis, described 
in Chapter IX, it was shown that pure water is a com- 
pound of the elements hydrogen and oxygen. Actually 
natural water, such as rain water, river water and sea water, 
contains a 'variety of other substances as well, but it is 
simpler to begin our study of water by considering first 
the way in which it is fundamentally composed of these two 
elements. 

Hydrogen* The most convenient method of preparing 
hydrogen in the laboratory is not by electrolysis, but by the 
action of dilute sulphuric acid on granulated zinc. 

Expt. 69. Preparation and properties of hydrogen* (u) Fit 

up the apparatus of Fig. 158. Care should be taken that a tightly 
fitting rubber cork is used in the flask and that the tube and funnel 
fit tightly into the stopper. Place some granulated zinc into the 
flask, fit the stopper in firmly and pour dilute sulphuric acid down 
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the funnel until the surface of the acid is well above the bottom of 
the funnel. Collect several jars of hydrogen. t 

(6) Remove the trough of water from the apparatus and by means 
of rubber tubing, connect the stem end of a clay pipe to the end of the 
delivery tube. Dip the pipe 
into a dish of soap solution, 
increase the pressure of the 
hydrogen issuing from the 
delivery tube by placing a 
hand over the thistle funnel 
and so obtain a soap bubble 
filled with hydrogen. Jerk it 
from the pipe, and note that 
the bubble floats up to the 
ceiling ; this shows that hy- 
drogen is lighter th an air. 

(c) Hold the first jar of 
hydrogen collected mouth downwards and apply a lighted taper to 
the gas. There will be a slight explosion because some air was 
mixed with hydrogen. Now take the third jar collected and apply 
a light to it ; the gas burns with a blue flame. Thrust the lighted 
taper up into the jar gas ; the taper goes out. Notice the film of 
moisture formed on the sides of the jar. 



Granulated Zinc in 
dilute Sulphuric Acid 

Fig 158. Preparation of Hydrogen. 


Hydrogen, then, is a colourless, odourless gas. Its lack of 
odour is apparent during the experiments, when a quantity 
of gas escapes into the room. It is extremely light and is, in 
fact, the lightest substance known. In the past it has been used 
a great deal for filling b illoons and airships, but now helium, 
which is almost as light and is non-inflammable, is being used 
in its stead. Hydrogen mixed with air forms a highly explosive 
mixture, but pure hydrogen burns quietly with a blue flame. 

Burning of hydrogen* When hydrogen is burnt in a gas jar 
a film of moisture is formed on the sides of the jar. This effect 
may be investigated more completely by letting the flame of 
burning hydrogen impinge on a cold surface, so that the product 
of burning is condensed and collected. 

Hydrogen is prepared as before and passes through two tubes 
containing calcium chloride ; the latter serve to absorb the 
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moisture from the gas (Fig. 159). Before lighting the jet of gas 
issuing from the delivery tube, careful tests must be made to 
ensure the apparatus is air-tight and no air is mixed with the 
hydrogen ; otherwise a dangerous explosion may result. Test 
tubes are held over the delivery tube, and then removed to a 
flame a little distance away ; if the gas in them explodes, the 
apparatus needs further adjustment, but if it burns quietly, the 
hydrogen is pure and the jet may safely be lighted. The burn- 
ing hydrogen strikes the surface of a vessel through which a 



Fig. 159 . Water produced when Hydrogen Burns. 


continuous stream o^ cold water is flowing ; moisture forms 
and drops into the dish below. Tests of this liquid, such as 
estimates of its density and its freezing and boiling points, 
show that it is water. 

When hydrogen burns in air, water is formed. The process 
is similar to that when a metal like magnesium burns in air and 
an oxide of the metal is formed. Water is actually an oxide of 
hydrogen. 

This process of building up the compound, w^ater, from the 
two elements oxygen and hydrogen, is termed the synthesis of 
water. It is obviously the reverse process from that of analysis, 
where the water is broken up into the two gases. Both analysis 
and synthesis show definitely that water is a compound of 
oxygen and hydrogen. 
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Composition of water by weight* - The exact weight of each 
of the elements present may be found by the reduction of coppBr 
oxide, that is, by the removal of the oxygen from the oxide, so 
that the metal is left. 

Some dry black copper oxide is placed in a “ boat ” and 
weighed. It is then placed in a piece of hard glass tubing and 
connected with the apparatus for generating hydrogen (Fig. 1 60) . 
At the other end of the hard glass tubing are attached two U- 
tubes of calcium chloride, which have previously been weighed. 
Hydrogen is passed slowly over the copper oxide, and when 
tests have been made, as in the previous experiment, to ensure 



Fig. 160. The Composition or Water by Weight. 


hat pure hydrogen is issuing from the end of the apparatus, 
the oxide is heated. The end of the hard glass tube should also 
be heated to ensure that any condensed water is carried over 
into the weighed U -tubes. 

When the copper oxide is reduced, that is. converted to 
metallic copper, heating is discontinued, but the liydrogen is 
allowed to flow until the copper is cold. Decrease in weight of 
the “ boat ” containing copper oxide is noted, and the increase 
in weight of the calcium chloride tubes. The first value gives 
the amount of oxygen used, and < lie latter value the amount of 
water formed. From the difference of these two amounts, the 
weight of hydrogen used can be calculated. 

Such an experiment shows that water is composed of one part 
by weight of hydrogen to eight parts of oxygen. The composi- 
tion of w^ater indicated by electrolysis agrees with this when it 
is realised that oxygen is sixteen limes as heavy as hydrogen. 
When two volumes of hydrogen combine with one volume of 
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oxygen, the weight of hydrogen used is one-eighth that of 
oxygen. 

Natural waters* Water made by the synthesis of oxygen and 
hydrogen or pure distilled water leaves no residue if evaporated 
to dryness, because the two elements are its only constituents. 
Natural water, however, varies considerably both in appearance 
and taste, because it contains not only dissolved air as was de- 
scribed on page 167, but also various dissolved solids. 

Expt. 70. Evaporation of rain water, tap water and sea 
water. Into weighed evaporating dishes measure 100 e.c. each of 
clean rain water, tap water and sea water. Evaporate to dryness. 
When nearly all the water has disappeared heat carefully to avoid 
spurting. Finally re-weigh and compare the amount of dissolved 
solid in 100 c.c. of each kind of water. Taste the residue left from 
the sea water. 

ExrT. 71. Solubility of soil in rain water. Shake up a few 
grains of fine soil with 100 c.c. of rain water. Allow the solid matter 
to settle, and note that some remains in suspension. Pour off the 
liquid and filter it. Evaporate the filtrate to dryness mnd see if there 
is an appreciable residue. 

There is generally about 3-5 gin. of dissolved solids in 100 gm. 
of sea water, most of it consisting of common salt. In tap 
water, which is sometimes river water, sometimes a mixture of 
river and Well water, there are only a few decigrams of dis- 
solved solid, the amount varying according to the district. 
Water from the Thames contains 0*028 gm. in 100 gm. of 
water, while that from the Trent contains as much as 0*071 gm.; 
some river water contains less than 0*010 gm. Rain water 
yields only a negligible residue and, if clean, is the purest form 
of natural water. This is because, like distilled water, it is 
formed bv the condensation of pure winter vapour ; in its 
passage through the air as rain, it dissolves some air and a very 
small quantity of solid matter. 

When rain falls on the earth, some water drains aw r ay on the 
surface and joins streams and rivers, some is retained as 
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moisture in the soil, while the rest sinks down until it reaches 
a non-porous stratum. Thence it may find its way out to t&e 
side of a slope and form a spring, or it may remain until a well 
is sunk to it. In either case, mineral salts from the soil become 
dissolved in it. At spas such as Buxton and Bath, the water is 
sought after because the mineral salts in it have medicinal pro- 
perties. When water flows as a river, there may be solid matter 
in suspension in it as well as dissolved solids, because mineral 
matter and animal and vegetable remains are caught up from 
the soil but do not dissolve. 

River water* Air in the top layer of soil is particularly rich 
in the carbon dioxide produced by the decay of plants. Conse- 
quently water, after reaching the earth, gains carbon dioxide 
in addition to that dissolved from the air when passing through 
it as rain. Although the total amount of carbon dioxide 
present in water is quite small, it has a pronounced effect on 
the solvent power of the water, particularly in regions such as 
the North and South Downs or the Pennines, where rivers flow 
over chalk or limestone. 

Expt. 72. Solubility of chalk in (a) distilled water, (b) 
water saturated with carbon dioxide* Set up the apparatus 
for preparing carbon dioxide and bubble the gas through 100 c.c. of 
distilled water for ten minutes. Measure out 100 c.c. of ordinary 
distilled water. To each sample of water, add 1 gtn. of finely 
powdered chalk, shake thoroughly, filter to remove the undissolved 
chalk and evaporate to dryness. Compare the amounts of chalk 
dissolved in the two cases. 

It has been seen in an earlier chapter that carbon dioxide 
solution contains a weak acid, which is carbonic acid. This acid 
is a very unstable compound, and readily splits up again into 
the carbon dioxide and water from which it is formed. Its 
presence, however, increases the solubility of chalk to a marked 
degree. When chalk is shaker, up in water saturated with 
carbon dioxide, the clear solution obtained after filtering is 
really a specimen of hard water. Chalk (or calcium carbonate), 
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when it dissolves in water containing carbon dioxide, becomes 
clianged to calcium bicarbonate, a substance soluble in water and 
the chief cause of hardness of water. 

Hardness of water* When washing, it is always obvious if 
the water is hard or soft , because if it is hard, much soap has to 
be used to obtain a lather, and a greyish scum is formed on the 
water. What is actually happening is that the soap has to com- 
bine with the dissolved solids in ihe water before it is free to 
form a lather. With rain water, which contains no such dis- 
solved solid, a lather is obtained immediately. 

Hardness of water is most frequently due to calcium bicar- 
bonate and calcium sulphate, but magnesium bicarbonate and 
magnesium sulphate and a little sodium chloride are often 
present also. When soap (sodium stearate) is added to hard 
water the calcium bicarbonate will not lather with the soap, 
and a chemical reaction takes place between them until all the 
calcium bicarbonate is used up ; the soap is then free to form a 
lather. Tly? effect ma^be representedjdius : 


sodium 

stearate 




calcium 
bicarbonate 


calcium 

stearate 


sodium 
bicarbonate. 


(Soap) 

When soap lathers in water, the soapy solution has the power 
of dispersing grease and loosening particles of dirt that may be 
held in the grease. In the case of hard water, however, the soap 
has first to combine with the calcium bicarbonate in the water 
to form a scum of calcium stearate, and these insoluble particles 
tend to stick to the grease and dirt. For this reason clothes 
washed in hard water must be thoroughly rinsed, so that all 
such solid matter is removed . 


Expt. 73. Comparison of the hardness of rain water, tap 
water, boiled tap water. Make a soap solution by dissolving 
shredded soap in methylated spirit, and fill a burette with it. 
Measure 50 c.c. of water with a pipette and pour it into a small flask. 
Add 1 c.c. of the soap solution to the water (Fig. 161 ), cork the flask 
tightly and shake it vigorously. If a permanent lather (that is, one 
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that lasts five minutes without the bubbles breaking) is not obtained 
continue to add the soap solution 1 c.c. at a time. Compare the 
amounts of soap solution needed to 
make a permanent lather with each 
kind of water. 

Temporary and permanent hard- 
ness, Boiled tap water is found to 
be less hard than ordinary tap water, 
so the process of boiling seems to 
remove some of the hardness. The 
kind of hardness that can be re- 
moved by boiling is termed tem- 
porary hardness, and that remaining 
is called permanent hardness. An 
experiment may explain this differ- 
ence in hardness. 

Expt. 74. Effect of boiling water 
containing carbon dioxide* (a) Put 

a little blue litmus solution in a beaker of distilled water, and 
bubble carbon dioxide through the water until there is a distinct 
change of colour. Boil this reddish solution and note any further 
colour change. 

(b) Sprinkle a little pow dered chalk in a similar beaker of distilled 
water, and again bubble carbon dioxide through the water until the 
chalk dissolves and a clear solution is left ; this is artificially pre- 
pared hard water. Now boil the solution lor some minutes and note 
the effect. 

The first solution loses its acid properties when boiled, because 
the unstable carbonic acid is broken up into water and carbon 
dioxide again, and the gas is driven out of the water. Similarly, 
in the second solution, the dissolved calcium bicarbonate causing 
the hard water breaks up into chalk and carbon dioxide again 
when the liquid is boiled, the carbon dioxide being driven off, 
and the insoluble chalk remaining. Hence boiling removes part 
of the hardness of water, because all that due to chalk is re- 
moved. by the chalk being thrown out of solution. Temporary 



Fi«. 161. Comparison of 
the Hardness of Different 
Waters. 
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hardness is caused chiefly by chalk and calcium carbonate, per- 
manent hardness by calcium sulphate, the latter substance 
remaining dissolved in the water however much it is boiled. 

Thus the fur ” in a kettle is calcium carbonate that is 
thrown out of solution w hen hard water is boiled. Sometimes 
it has a brownish tinge because of the presence of a little iron 
carbonate also. The formation of layers of such “ fur ” in hot 
water pipes and boilers is a source of great inconvenience be- 
cause it tends to prevent the water becoming thoroughly heated 

and may make a boiler crack. 
Fig. 162 shows the extent to 
which a pipe may become 
blocked when very hard 
water is used. 

Methods of softening water* 
For household purposes it is 
advisable to soften very hard 
w ater, both for economy and 
convenience. Cess fuel is re- 
quired for heating if boilers 
are not coated with “ fur *’ as just described ; moreover less 
soap, soda and tea need to be used if the water is fairly soft. 
Washing processes can be carried out more conveniently be- 
cause there is less formation of scum. Small quantities of 
water may be softened by simple household methods, but 
where possible, it is better to have some type of water softener 
fitted to the main supply pipe, so that all the water passing 
into the house is softened. 

Expt. 73. Comparison of the softening effect of (a) boiling t 
(b) adding lime, (c) boiling and adding washing soda. (a) 
Boil 250 c.c. of water for fifteen minutes, and leave it to cool so that 
all suspended particles settle. As in Expt. 74 compare the hardness 
of 50 c.c. of ordinary tap water and 50 c.c. of this boiled tap water. 

(b) To 100 c.c. of ordinary tap water, add lime water until the 
milkiness produced seems to have reached a maximum. Filter a 
little of the solution into a test tube, and see if further milkiness is 
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produced when lime water is added. If this is found to be the case, 
add more lime water to the bulk of the hard water and re-tea^. *It 
is important that there should not be an excess of lime water, 
because such adds to the hardness of the water. When the lime 
water has produced as much milkiness as possible, filter and test 
the hardness of 50 c.c. of the solution. 

(c) In 100 c.c. of the boiled water, dissolve l gm. of washing soda, 
filter and test the hardness of 50 c.c. of the solution. 


* 


The various methods of softening water either cause calcium 
bicarbonate and calcium sulphate to be thrown out of solution 
as the insoluble carbonate, or else they convert these substances 
into sodium compounds which have no hardening effect. The 
best simple method of obtaining soft water for domestic 
purposes is by boiling and adding washing soda, both tem- 
porary and permanent hardness being removed by these means. 
Lime and the process of boiling remove temporary hardness 
only. 

The addition of lime is the method used on a large scale in 
waterworks to remove temporary hardness from the water 
supplied by the town mains. By Clark's process, as it is called, 
thousands of gallons of water can quickly be softened. The 
effect may be represented thus : c \ ff* O 



calcium 4 slaked _ calcium + w^ter 
bicarbonate lime carbonate ‘ . 


The lime combines witn carbon dioxide from the bicarbonate 
to form calcium carbonate, and this chalk together with that 
causing hardness appears as a Milkiness in the w r ater and is 
allowed to settle. Exactly the r%ht amount of lime needed for 
a certain type of water must be estimated, for any excess may 
itself make the water hard. For a towm supply, w ater must not 
be made too soft, because soft water dissolves lead from lead 
pipes, and lead poisoning may result if such water is drunk 
habitually. Waterworks, therefore, remove some, but not all, 
of the hardness, the amount left varying considerably from 

place to place. 

o 


J.Q.8. 



202 


GENERAL SCIENCE 


Water softeners* A common form of household water 
softener is the permutit one (Fig. 163). Permutit is the trade 
name given to a compound of sodium aluminium silicate. This 
substance reacts with both calcium bicarbonate and calcium 
sulphate, so that it has an effect on both temporary and 



Fia. 163. A “ Permutit ” Water Softener in use 
in a Kitchen. 

f {By courtesy of United 1 Yater Softeners, Ltd.) 

permanent hardness, and softens the water by removing the 
calcium salts from it. The sodium aluminium silicate is con- 
tained in a tube through which the hard water flows, and it 
combines with the calcium bicarbonate and the calcium sul- 
phate to form calcium aluminium silicate, a substance which is 
insoluble in water and which remains in the tube. In this way, 
the calcium salts causing hardness are converted into an in- 
soluble compound which is deposited. 
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To convert this in- 
soluble calcium alumin- 
ium silicate back into 
permutit again a strong 
solution of common salt 
is poured through the 
tube. 

Stalactites and stal- 
agmites. A phenome- 
non occurring in nature 
and resulting from the 
presence of calcium bi- 
carbonate in water is the 
formation of stalactites 
and stalagmites (Fig. 
104). As water drips 
from the roof of caves, 
the calcium bicarbonate 
in it slowly decomposes 
as the water evapor- 
ates, and calcium car- 
bonate is formed. That- 
deposited on the roof 
forms hanging parts 
known as stalactites, 
while that resulting 



from the drops of water 

that fall on the floor, causes stalagmites 


CHAPTER XIV 


CHEMICAL LAWS. SYMBOLS. FORMULAE. EQUATIONS 

Nature of matter* In the last two chapters, much has been 
learnt about the two most common substances in the world 
around us, air and water. Before going oil to study the nature 
of the many other substances that are familiar to us, it is well 
to know something of the way in w T hich all of them are built. 
In Chapters IX and X, mention has been made of atoms and of 
their electrical constituents. Even two thousand years ago 
certain Greeks believed that matter must be made up of atoms, 
the tiniest particles into which a substance could possibly be 
divided without losing its identity. The revival of this Greek 
idea by John Dalton (1700-1844) (Fig. 105), led tjj tremendous 
advances in our theories about the nature of matter until now, 
in the twentieth century, it is known that atoms consist of 
nuclei around which smaller particles revolve, and that the 
nucleus is the part of*them which tends to remain the same in 
chemical action. Even the nucleus itself is split in the pheno- 
menon known as atomic or nuclear fission, but this is a physical 
and not a chemical process. 

Atoms. Nowadays wc talk glibly about atomic energy and 
refer to atoms as if w r e could pick them up and count them 
like marbles, but actually they are infinitesimally too small ever 
to be seen, and it has been said that there are as many atoms in a 
thimbleful ot water as there are thimblefuls in the Atlantic 
Ocean. 

All atoms are not alike. They vary according to the amount 
of positive charge on the nucleus and the number of electrons 
round it, the simplest atom being that of hydrogen. In esti- 
mating their weight, therefore, the value for the atomic weight 
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Fig. 165. John Dalton 1766-1844. * 


of hydrogen is taken as 1 and the others are compared with it ; 
thus the atom of oxygen is sixteen times as heavy as that of 
hydrogen and so has an atomic weight of 1 6. Such values are 
simpler than those that would be obtained if the actual weight 
in grams in the atom were used, for that of hydrogen is 
1-66 x 10 -24 gm., that is, a number with twenty-three noughts 
between the decimal point and the figures. 

In an element, the atoms are all of the same kind so there are 
as many different kinds of atoms as there are of elements — 

ninety-two. 

x 
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Molecules**' Atoms, nowever, do not generally exist alone, 
and the smallest particle of an element or compound capable of 
existing alone is called a molecule. While an element is made up 
of molecules containing atoms only of one kind, a compound 
consists of molecules containing two or more different kinds of 
atoms. Thus in Expt. 49 the compound of iron and sulphur 
formed from the two elements must have consisted of mole- 
cules containing both iron and sulphur atoms. In the mixture 
of iron and sulphur, however, molecules of iron and molecules 
of sulphur were mixed together, but they kept their identity, 
and no reaction took place between their respective atoms. 
When substances react together chemically, molecules of the 
different substances may be broken up and changes take place 
in the arrangement of their atoms, but an atom is the smallest 
particle of an element which can enter into a compound. It will be 
seen t hat often where pairs and groups of different atoms make 
up the molecules of compounds, chemical reaction causes them 
to change their partners. Examples of this will be found in 
the chapters that follow. • 

The indestructibility of matter. From experiments chemists 
have discovered that chemical action between substances 
takes place according'' to certain rules or laws. One funda- 
mental law is that, however great the changes that take 
place in the composition and weight of the various substances 
used in laboratory experiments or in everyday life, no 
matter can, ever be destroyed. This is the law of the indestructibility 
of matter, and it is comparable with the similar fact about 
energy mentioned at the end of Chapter II. Sometimes matter 
may seem to disappear, as, for example, when a candle burns 
away and part of the actual wax candle vanishes. Blit if 
the water and carbon dioxide, which are the products of 
burning, are collected by chemical means, they are found only 
to equal in weight the wax and the air used by the candle in 
burning. Wax and air, disappear, but equal amounts of water 
and carbon dioxide take their place. It is the same with any 
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chemical change ; the products of the change are equal in weight 
to the substances taking part in it, and the total amount* of 
matter in the world always remains unchanged. 

Law of definite proportions. Another important fact about 
chemical action is that when substances combine to form a 
compound, it is always a definite proportion of each by weight 
that combines. So in Expt. 59 when magnesium ribbon was 
heated, the same proportional increase in weight w r as found by 
different experiments, although all had not used the same quan- 
tity of magnesium. The increase was due to the oxygen from 
the air that had combined with the magnesium to form the 
white powder, magnesium oxide. This compound then must 
always be formed from definite proportions of the two elements, 
magnesium and oxygen, and whether a milligram or a kilogram 
of it is made, there must always be the same proportion of mag- 
nesium and oxygen in the compound. Similarly when hydro- 
gen burns in air to form water, a certain definite proportion of 
hydrogen and oxygen from the air combine to form the com- 
pound ; it w r as seen on page 195 that the relative amounts are 
one part by weight of hydrogen to eight parts by weight of 
oxygen. A variety of other experiments would all illustrate this 
same fact. It seems then, that there is a law of chemical com- 
bination that definite w eights of substances always take place in 
a chemical reaction and that a chemical compound always con- 
tains the same elements united in the same proportion by weight . 

Chemical symbols. In order to refer to chemical changes 
briefly and in a condensed fashion, chemical symbols and for- 
mulae are used. Thus to represent one atom of an element, the 
chemist w r rites its initial letter as a capital. So H stands for one 
atom of hydrogen, O for one atom of oxygen, N for one atom of 
nitrogen. Since the name of more than one element may begin 
with the same letter a second letter lias sometimes to be used ; 
thus C stands for an atom of carbon and Cl for one of chlorine. 
For a few elements the symbols are derived from their Latin 
or Latinised names ; for example K for potassium from the 
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Latin name kalium, Na for sodium from natrium, and Cu for 
copper from cuprium. 

It is important to remember that the symbol represents one 
atom of an element and not just any quantity. Furthermore, 
since an atom has a certain atomic weight, it indicates what 
weights of different elements are present. Thus an O and an H 
representing one atom of oxygen and one of hydrogen respec- 
tively also indicate sixteen parts by weight of oxygen to one 
part by weight of hydrogen. 

If two or more atoms of a particular kind are present, figures 
are used to indicate their number. When they are joined to- 
gether to form a molecule, a small figure is placed after the 
symbol ; thus H 2 stands for a molecule of hydrogen and 0 2 for 
a molecule of oxygen, since the atoms of hydrogen and oxygen 
each go about in pairs. Similarly P 4 represents a molecule of 
phosphorus consisting of four phosphorus atoms. If several 
atoms of an element are not joined together to constitute a 
molecule, we may put a figure in front of the symbol ; thus 
3H means three atoms of hydrogen, apart from fheir place in 
the molecule. But 3H 2 indicates three hydrogen molecule*, 
that is, six hydrogen atoms in all, grouped in three molecules or 
groups, each containing two atoms. 

Formulae of compounds. The formulae of compounds is 
more complicated, because more has to be known about the 
grouping of the atoms of different elements to form the mole- 
cule. Before this could be achieved two chemists had to carry 
out experiments, which developed further the atomic theory 
suggested by Dalton. In 1808 a Frenchman, Gay-Lussac 
(1778-1850), showed that gases combine in simple proportions 
by volume, conditions of temperature and pressure remaining 
the same. Thus two volumes of hydrogen combine with one 
volume of oxygen to form two volumes of steam. To explain 
this fact an Italian, Avogadro (1776-1856) brought forward his 
hypothesis that equal volumes of all gases, under similar con- 
ditions of temperature and pressure, contain equal numbers of 
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molecules . On this theory the two volumes of hydrogen contain 
twice as many molecules as the one volume of oxygen. In\he 
chemical change that takes place for the formation of steam, 
two molecules of hydrogen must combine with one molecule 
of oxygen to form two molecules of steam, if Avogadro’s idea 
is correct. Pig. 166 shows how this can be so. Each volume 
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Fig. 166. Combination of Hydrogen and Oxygen. 


of the gases, for the purposes of the diagram, is represented as 
containing four molecules, it being remembered that the mole- 
cules of hydrogen and oxygen each consist of a pair of atoms. 
When the change takes place the oxygen molecule breaks up 
and each oxygen atom is partnered by two hydrogen atoms, so 
that the molecules of steam eacli consist of two atoms of 
hydrogen and one atom of oxygen. 

If then, compounds are represented by symbols in a similar 
way to elements, the symbol H 2 0 represents one molecule of 
water, the molecule being made up of two hydrogen atoms and 
one oxygen. Since the oxygen atom is sixteen tin>es as heavy 
as the hydrogen one, it is obvious that there must be eight- 
parts by weight of oxygen to one part by weight of hydrogen 
in the compound ; this was demonstrated by the experiment 
of page 195. Other simple formulae of compounds are C0 2 for 
a molecule of carbon dioxide consisting of one atom of carbon 
and two of oxygen, CuO for a molecule of copper oxide, con- 
sisting of one atom of copper and one of oxygen, Nad for a 
molecule of common salt consisting of one atom of sodium and 
one of chlorine. 

Chemical equations* With our knowledge of atoms, it seems 
then that any chemical reaction really consists in a rearrange- 
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ment of the atoms of the molecules of the substances taking 
part. Since matter can never be destroyed, there must be as 
many atoms at the end as at the beginning, however much their 
arrangement has been altered. To show concisely the way in 
which substances behave, chemical equations are written to 
represent any reaction, with the substances taking part in the 
change on the left-hand side, and the new ones resulting from 
it on the right-hand side. The equality sign between the two 
sides of the equations only refers to weight. As has already 
been pointed out, the total number of atoms remains unchanged 
and the total weight of the substances on the left-hand side 
must be equal to the total weight of those on the right-hand 
side. 

So when carbon is burnt in a jar of oxygen, 

C + O a = C0 2 . 

carbon oxygen carbon dioxide 

Or when hydrogen is passed over heated copper oxide, 

CuO + K 2 = H 2 0 +*00. 

copper oxide hydrogen water copper 

More examples of equations will be given in later chapters. 

When equations like this are known as well as the atomic 
weights of the elements, calculations can be made about the 
weights of the substances reacting together. 



CHAPTER XV 


METALS AND ORES. IRON AND STEEL. COAL AND 
COAL GAS. OILS. LIMESTONE. CLAYS. SAND. 
GLASS 

The substance of the earth. During the time man has lived 
on the earth he lias gradually made more and more use of the 
substances he has found in the earth’s crust. As his knowledge 
of chemistry has increased, he has found better methods of 
obtaining them in the form most useful for his everyday life. 
In this way, metals and metallic ores, coal, oils, chalk and lime- 
stone have all become of the utmost value to him. 

Properties of metals. Every day we use objects like coins, 
cutlery and kettles, all of which are made of metal. Actually all 
the ninety -two elements existing in the world can be described 
as metals or non-metals, although sometimes a substance pos- 
sesses attributes of both classes and it is difficult to know under 
which heading it should be placed. In general, certain charac- 
teristics are typical of a metal, although the exceptions are such 
that a non-metal may possess one or more of these character- 
istics and a metal may lack the/ a. Most metals have a " me- 
tallic ” lustre although a non-metal like graphite has the same 
kind of sheen. Metals generally are opaque, although gold can 
be made into sheets sufficiently thin to be transparent to light. 
The majority of metals are heavy and have a high specific 
gravity ; aluminium and magnesium, however, are compara- 
tively light aruTsodium and potassium have such a low specific 
gravity that they float on water. Most metals conduct heat and 
electricity well because of the presence of free electrons which 
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can move amongst the atoms of the metal. Generally metals 
are malleable (i.e. they can be hammered into thin sheets) and 
ductile (i.e. they can be drawn out into fine wire). If seen 
under a microscope a metal shows itself to be crystalline in 
structure, and sometimes, as in the case of the tungsten filament 
of electric lamps, a fine wire can be drawn out from a single 
crystal of the metal. 

The ores of metals. A few metids such as gold, platinum and 
copper are to be found in their natural state and so are called 
native metals ; others, like iron and lead occur in compounds 
called ores and the pure metal has to be separated before it can 
be used. 

Exrr. 7(5. The metal lead obtained from a compound. Make 
a small hollow in a piece of charcoal and place some litharge (an 

oxide of lead) in it. Heat strongly 
by means of a blow- pipe flame (Fig. 
1 67 ) , and notice the globules of the 
metal lead which separate. 

The litharge is an oxide of, lead, 
and when heated strongly over 
the red hot charcoal the oxygen 
of the compound combines with 
the charcoal or carbon more 
readily than with the lead, so 
Kkj. jg7^ Redaction on that the metal from the com- 
HAK J1 pound is left behind. This process 

of removing oxygen from a compound is called reduction, and it 
is the reverse process to the formation of oxides described in 
Expt. (53 when oxidation took place. 

Various methods are used for extracting metals from their 
ores, but this principle of reduction is the basis of all of them. 
Sometimes such a high temperature is required for reduction 
that an electric furnace has to be used ; otherwise an ordinary 
furnace heated by coke or coal suffices. First of all, various 
rocky impurities are removed from the ore by mechanical or 
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Fig. 168. o) Early Egyptian Copper Vessel — Abydos. 

( From Evans' “ Palace of Minos at Knossos ".) 

other means, and then an ore which is an oxide is directly 
reduced by heating it with carbon. Ores in the form of other 
compounds, such as carbonates and sulphides, are first roasted 
in air to form oxides, and then reduced in the usual way with 
carbon. 

Uses of metals and alloys* Two metallic elements may be 
mixed to form a new kind of metallic substance called an alloy. 
Thus bronze is composed of copper and tin, and brass of copper 
and zinc. These two alloys together with the metals gold, 
copper, iron, tin and zinc have been known from very early 
times and excavators of ancient cities have found gold orna- 
ments, bronze and copper coins, brass and copper vessels (Fig. 
168 (i)), weapons of wai of bronze, copper or iron (Fig. 168 (ii)). 
Other metals such as magnesium and aluminium have only been 
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in use for the last hundred years, and as mentioned on page 147 
the increased use of aluminium for domestic utensils during the 
last twenty years is the result of the discovery of a cheap 
electrical method of separating the metal. A new alloy of 
magnesium and aluminium called magnalium is very strong 
and light and is therefore of great use in the construction of 
airship and motor parts. Another fairly new alloy is stainless 
steel ; the addition of chromium to the steel makes it rustless, 
so that it is of particular use for cutlery. A similar labour- 
saving use of metal is found in the chromium plating used on 
taps and bathroom fittings, chromium being a metal which does 
not corrode. Alloys often seen in the home are pewter, a 
mixture of tin and lead, which is used for tea and coffee pots, 
tankards and salvers, and German silver, an alloy of copper, 
nickel and zinc, from which forks and spoons are made. 

Iron and steel* The most common and the most useful 
metal known to man is iron. It is by the use of iron and steel 
that the great engineering feats of this scientific age have been 
achieved. • 

Large quantities of iron arc to be found in the earth, but not 
generally in the form of native iron. There are a number of 
different iron ores, compounds of oxygen with iron such as 
magnetite and haematite , compounds of the oxides with water, 
as in linioirite and gothite , compounds of sulphur and iron in 
iron pyrites, and of carbon dioxide and iron as in clay iron-stone 
and clwh/bife . 

These last two carbonate ores are generally found near coal, 
and the proximity of the coal and the iron makes such a region 
very suitable for iron smelting, as, for example, in the Midlands. 
The process of iron smelting is carried out by means of blast- 
furnaces (Fig. 169). Before the ore is placed in the blast-furnace 
it is first roasted (or calcined) by arranging it in stacks with fuel 
and heating it strongly. This drives off carbon dioxide and 
moisture and leaves the iron ore in the form of an oxide, known 
as ferric oxide* The oxide is then passed into the blast-furnace, 
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together with coke and limestone, through the cup and coije- 
shaped mouth at the top. The furnace itself is about 75 ft. high 
and 24 ft. wide, and is made of an outer shell of steel lined with 
heat-resisting bricks. Blasts of hot air, which has previously 
been heated in a furnace known as 
Cowper’s stove, are forced into the 
heated mass by tubes near the base. 

The oxygen in this air combines 
with the carbon of the hot coke to 
form carbon monoxide, a reducing 
agent. This reduces the ferric ox- 
ide, and the iron separates out 
and works its way down until it 
can be removed in a liquid form 
by the tubes at the bottom. Above 
it, there is a lighter layer of melted 
slag formed from the limestone and 
silica from the ore, and this is re- 
moved at the slag hole. The liquid 
iron removed from the blast-furnace 
is run into moulds made in sand, and 
on cooling forms bars of pig-iron. 

Various kinds of iron and steel* 

When pig-iron is cast in suitable 
moulds it is known as c«-t iron. In 
this state, the metal is not malle- 
able, and it is so brittle that it will 
not stand severe shocks. It is, 
therefore, only suitable for certain FlG ‘ A Blast tuRNACFj - 
iron work, where it can be made in definite moulds, and 
need not be hammered afterwards. A more useful variety of 
iron that can be made from cast iron is wrought iron ; this is 


I 


much more tough and malleable and can be hammered into 
shape, rolled into plates or drawn into wires. Horse-shoes, 
nails and domestic articles are all made from wrought iron. 
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Wrought iron contains less carbon than cast iron, and by 
adding carbon to molten wrought iron or by removing carbon 
from cast iron, an iron containing an amount of carbon in be- 
tween the two is obtained. This is steel and its properties vary 
according to its treatment. If it is heated and then cooled 
quickly a hard but brittle metal is obtained ; if, on the other 
hand, it is heated cautiously and cooled more slowly, it is elastic 
rather than brittle ; it is then &gid to be tempered steel. By 
adding small quantities of other metals, such as chromium or 
manganese, to steel, many special alloy steels can be made, 
and there are now over a hundred different classes of steel suit- 
able for a variety of purposes. Mention has already been made 
of the use of chromium in stainless steel. For making magnets, 
a silicon steel composed of iron and steel is particularly suitable 
for electro-magnets, while one containing cobalt is used for 
permanent magnets. For engineering purposes, very strong 
and hard alloy steels are made by adding tungsten or manganese 
to the iron. Tungsten steel is used for tools and parts of 
machinery, and manganese steel is placed to strengthen bends 
and crossings of railway lines. 

One difficulty that is met with in the use of iron and steel is 
the tendency for fly to rust ; methods of overcoming this 
problem have already been discussed in Chapter XII. 

Carbon* In the industrial world and in domestic life one of 
the most common substances in daily use is coal. Coal is a 
compound consisting chiefly of the element carbon, and it is of 
vegetable origin. All kinds of plant and animal matter, whether 
living or dead, contain the element carbon, and the clement 
itself exists in a variety of states. The finest and most valuable 
form of it is the diamond, a hard crystalline substance, capable 
of refracting light in such a way that scintillating colours are 
seen in it. Another common form with quite different pro- 
perties is graphite ; this is really crystalline also, but it is opaque 
and black, and makes a mark on paper. Thus it is used for lead 
pencils (so-called), and also for making conducting surfaces for 



FUELS 


217 


electrical work and in electric furnaces. Ordinary soot from a 
burning flame or lamp-black is also a form of carbon, and it is'of 
use for the manufacture of shoe polishes and ink. Wood, when 
heated so that the air cannot get to it, forms wood-charcoal, and 
coal when heated forms coke and gas-carbon ; these three sub- 
stances all consist of more or less pure carbon. 

It was seen in Chapter XII that when charcoal or carbon was 
burnt in oxygen the gas carbon dioxide was formed, and a 
diamond, like other forms of carbon, will produce carbon 
dioxide if heated in air or oxygen. 

Kinds of fuels. In early times, wood and charcoal were the 
fuels in common use for such domestic purposes as cooking food 
and warming houses. In the modern home, we can choose 
electricity or any of the fuels, coal, gas and oil as a means of 
lighting and heating. The various kinds of coal and oil are the 
most important fuels because, except in America, where 
natural gas exists, any kind of gaseous fuel is derived from 
one or other of them ; moreover, electricity can only be 
generated w hen engines are w orked by coal or oil or by water - 
power. All fuels — solid, liquid and gaseous— contain the element 
carbon in a 'proportion varying according to the substance ; all, 
with the exception of charcoal and coke, contain hydrogen 
also. 

Coal. Wood, peat, coal and anthracite are all of vegetable 
origin, the difference between them being due to the decom- 
position and pressure they have undergone. Most people have 
seen the impression of the fern -like leaves on pieces of coal, and 
these markings are evidence of i lie primeval forest in w hich the 
coal originally existed. These forests were submerged and 
covered with sediment as the result of earth movements, and 
after many thousands of years under great pressure the woody 
parts have become coal. 

Peat represents the first stage in such a transformation and is 
produced by the decay of trees and swamp plants ; the next 
stage is when, under pressure, a soft brown coal called lignite is- 
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formed. As the result of more extreme changes coal is produced, 
different kinds varying in hardness and composition according 
to the conditions under which they are formed ; the hardest 
and densest coal is anthracite, a fuel which is difficult to kindle, 
but which burns with no smoke, and produces more heat than 
other kinds of coal. A new kind of fuel — 44 coalite ” — manufac- 
tured from coal by the Low Temperature Carbonisation Co., 
Ltd., is termed a cellular anthracite ; it is smokeless and gives 
intense heat like anthracite, but it has not the same disadvan- 
tages of costliness and difficulty of kindling. 

Composition of coal. The difference in composition of wood 
and the various kinds of coal is that less of the volatile consti- 
tuents remain as the result of the changes during formation, so 
that anthracite contains the least amount of volatile consti- 
tuents and consists approximately of 90 per cent, of carbon , 
while wood, as the other extreme, has only about 25 per cent, 
of carbon and a large proportion of volatile matter. Of the 
various coals, cannel coal is particularly rich in volatile consti- 
tuents, and so is used for the manufacture of #oal gas. In 
addition, all coals contain a little moisture , and a certain amount 
of mineral ash. The nature and proportion of the ash formed 
when a certain kind pi coal is burnt is important from the 
domestic point of view, because of the clogging effect of ash in 
the grate and the deadening effect on the fire. Oxygen is 
essential for burning, and ash tends to cover the surface of the 
fuel and block the grate so that air containing oxygen has not 
free access to the burning matter. 

Coal gas. When coal is raised to a high temperature 
out of contact with air, a large volume of inflammable gases 
is given off and, by separation and purification, coal gas is 
obtained. 

Expt. 77. Substances produced when coal is burnt. Place 
some powdered coal in a hard glass tube, and connect it to a U-tube 
immersed in a beaker of cold water. From the U-tube connect a 
tube to a trough of water, so that gas may be collected (Fig. 170). 
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Heat the coal, and collect several jars of gas. Smell the gas and 
apply a lighted taper to it. Remove the U-tube and pour off ^he 
watery upper layer. Smell this liquid and test its action on litmus. 
Smell the brown tarry liquid remaining in the U-tube. Examine 
the coke left in the hard glass tube. 

This process of heating coal away from the air so that it 
breaks up into new compounds is called destructive distillation. 
It is different from the process of combustion that takes place 
in an ordinary fire grate when coal burns away to ash and the 



Fig. 170. When Powdered Coal is Hjgvted, thk Si: b stances obtained 
• are Coal tar, Ammoniacal Liqitoic, Coal Can and Coke. 

various constituents pass off in the form of vapours, smoke and 
soot. By the process of distillation, coke, which consists of 
nearly pure carbon, is left behind, and the volatile matter that 
passes off contains numerous important substances as well as 
coal gas. 

The many substances formed during the manufacture of coal 
gas are termed by-products. The brown liquid coal tar is useful, 
not only for tar and pitch, out also for the manufacture 
of creosote, benzene, carbolic acid, various dyes and oils 
and numerous other substances. The watery liquid that smells 
of ammonia is ammoniacal liquor, and this is used chiefly for 
making a valuable fertiliser, ammonium sulphate. The gas 
collected burns with a smoky yellow flame ; it lias a worse 
smell than ordinary coal gas, because certain sulphur com- 
pounds have not been removed from it. Coke, the residue 




220 GENERAL SCIENCE 

remaining, is lighter than coal and of a greyish tinge ; it burns 
without flame and is useful as a cheap fuel. 

At gasworks (Fig. 171), cannel coal is heated to red-heat in 
fireclay retorts and the products pass through the hydraulic 
main to the condensers . Here most of the coal tar and am- 
maniacal liquor condenses, and any that finally remains is re- 
moved by the stream of water flowing through the scrubbers. 
To make the gas suitable for household use, the sulphur com- 
pounds are removed in the purifier and the gas then passes 
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to the gasholder, re^dy to be sent along the mains to the 
consumer. 

Gas cookers. The use of gas for cooking has largely super- 
seded the use of coal. Jn most houses in towns, cooking is done 
either by gas or electricity. Gas is generally the cheaper 
method, but electricity has the advantage of being cooler and 
cleaner. An up-to-date cooker of the New World ” type 
(Fig. 172) has a special thermostatic device for controlling the 
temperature of the oven, so that by setting the “ Regulo disc 
in the right position, food may be left to cook for a given time, 
without any danger of the temperature of the oven rising above 
a certain point so that the food gets spoiled. 

Oils. The chief liquid fuel is petroleum, a mineral oil found 
in the United States, Mexico, South Russia, Burma and various 
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Fig. 172. (i) A Modern Gas Cooker, (ii) the “ Keuulo ” Device 

for Controlling the Temperature of the Oven. 


(By courtesy of Wilsons and Mathiesons, Ltd ) • 


other places. It is generally obtained by boring holes and 
striking wells but sometimes it gushes out naturally (Fig. 173). 
Petroleum is a mixture of several hydrocarbons (that is, com- 
pounds of the elements, hydrogen and carbon) ; these have 
different boiling points and so may be separated by a process 
known as fractional distillation. As the boiling point of each 
liquid in turn is reached, the liquid distils over and is condensed 
so that eventually the various liquids are obtained separately. 
The one with the lowest boiling point and the first to distil over 
is petrol ; next comes benzine, then paraffin, and finally various 
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Fjo. 173. A Gusheii Spouting Oil. 


heavier lubricating and fuel oils. The two oils in most common 
use are petrol and paraffin. 

Limestone. One of the most common chemical compounds 
occurring in the earth’s crust is calcium carbonate. Large 
masses take the form of limestone, chalk, Iceland spar and marble, 
and ranges of hills such as the Pennines, the Cotswolds, the 
Chilterns and the North and South Downs are due to ridges of 
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limestone or chalk appearing above the surface of the earth. 
Calcium carbonate is also the chief constituent of such sub* 
stances as egg shells, oyster shells and coral. 

Chemical nature of limestone. The chemical formula for 
limestone is CaC0 3 , and, as explained in the previous chapter, 
this means that a molecule of limestone consists of one atom of 
calcium, one of carbon and three atoms of oxygen. A change 
takes place when some of the substance is heated. 

Expt. 78. Effect of heating chalk. Place some powdered 
chalk in a porcelain crucible and heat it very strongly. The powder 
seems to alter little in appearance, but to find if a change has taken 
place compare the powder before and after heating, (1) by shaking 
a little of each on damp red litmus paper, (2) by adding a little water 
to each, (3) by adding dilute hydrochloric acid to each. 

The change that has taken place is that heating has caused 
the gas, carbon dioxide, to be driven off from the compound. 
This may be represented by the equation : 

CaC0 3 = CaO + C0 2 . 

limestones lime carbon dioxide 

The substance left after heating is lime or calcium oxide (CaO). 
This differs from calcium carbonate in that it turns red litmus 
blue, thus showing it forms an alkali, and it evolves heat and 
gives off steam when a few drops of water are added to it. The 
compound formed from the water combining with the freshly 
burnt lime (or quicklime as it is called) is known as calcium 
hydroxide (or slaked lime). This reaction may be represented by 
the equation : 

CaO + H 2 0 Ca(OH) 2 . 

quick lnne water slakod limo 

Slaked lime will dissolve slightly in water and form a solution 
known as lime-water. This is often given to babies to help them 
to digest their milk. 

It w'as seen in Chapter XII that carbon dioxide is prepared 
by adding acid to chalk or marble. Thus effervescence occurs 
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when acid is added to the powdered chalk, because carbon 
dioxide is given off, but the acid has no such effect on the quick- 
lime, because the carbon dioxide has already left it. This acid 
test is the means whereby geologists find out whether or not 
rocks are limestone ones. If they are, there is fizzing when a 
little acid is dropped on them. 

Uses of limestone. The heating of limestone to convert it 
into quicklime is an important industrial process. It is carried 
out in kilns, in the modern form of which numerous openings 
make it possible for the fire to be kept going continuously, while 
lime is raked out at the bottom, and fresh supplies of limestone 
and fuel put in. The lime when slaked and mixed w r ith sand 
makes lime mortar, a substance essential for building purposes. 
Another useful substance derived from limestone is cement ; 

this is made by burning a mixture of lime- 
stone and clay in a special cement furnace 
(Fig. 174). A mixture of cement and gravel 
forms concrete, and this when cast over a 
steel frame and left to set, makfcs the strong 
structure known as reinforced concrete. 


Rotary Kiln 




| 


|| 



Fig. 174. A Rotary Cement Furnace. 


Another important use of lime is, as mentioned on page 201, 
that of softening the w ater supplied by town mains ; by 
Clark’s process the addition of slaked lime causes the calcium 
bicarbonate to break up so that calcium carbonate is precipi- 
tated. Lime is also useful for agricultural purposes, as it 
neutralises acids formed in the soil by the decay of organic 
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Fig. 175. Making Potteby. 
(By courtesy oj Messrs. Boulton it' Co , Ltd ) 


matter, so that conditions are more favourable for plants to 
obtain their nutriment from the soil. Further uses of lime are 
in the manufacture of bleaching powder and whitewash, and 
in the purification of sugar. 

Clays* Other very common substances occurring in the 
earth’s crust are the various kinds of clays. These are soft 
plastic masses readily worn down by w T ind and rain, $o that they 
never form ridges or hills. Where clay is at the surface the 
country is generally flat and gently undulating as, for example, 
in the valleys of Kent and Sussex or the Cheshire Plain. The 
coal measures are groups of rocks »n which layers of clay alternate 
with ones of sandstone and seams of coal. 

Clays are generally white or grey in colour, although some 
have a reddish tint, owing to the presence of impurities which 
are iron compounds. The chemical nature of clay is that it is 
a compound of w r ater and the oxides of aluminium and silicon. 
Its purest form is china clay or kaolin, and this is used for 
making the best chinaw 7 are, although less pure forms are also 
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employed for cheaper china and pottery. The clay is suitably 
prepared and then, while in a plastic state, moulded by a potter 
using a potter’s wheel (Fig. 175). To make it hard, it is heated 
(or fired) in a kiln several times. After the first firing it is 
still porous, so it is coated with a glaze and at the second firing 
this fuses and fills up the pores. Before glazing, coloured pa 
terns can be painted on the clay by means of coloured metal] 
oxides. Bricks for building purposes are made in a similar wat 
their red colour being due to the iron impurities in the clayf.V 

A mineral called gypsum is often found in clays ; a pure form 
of this is alabaster, used for ornaments and bowls. 

Sand. Everyone is familiar with wide stretches of sand on 
the seashore, and this consists of broken fragments of minerals 
resulting from the wear and tear of other rocks. Most fre- 
quently the grains are particles of quartz, which have become 
rounded by rubbing against one another in water. The chemi- 
cal nature of quartz is that it is an oxide of silicon known as 
silica. Silica is a compound present in the earth’s crust in even 
greater quantities than calcium carbonate. * o 

Sandstone is formed by sand becoming consolidated after it 
has become land by substances cementing the grains together 
into a hard mass of rpek. In this form sandstone forms ranges 
of hills such as are seen in the lowdands of Scotland and in South 
Wales. • 

Silica. One form of silica is quartz, the chief constituent of 
sandstone. A clear and transparent kind of quartz, known as 
rock crystal, is used for making lenses for spectacles and optical 
instruments. Certain coloured crystals used as semi-precious 
stones are also forms of silica ; such are the opal of greenish 
and varied colours, the chalcedony, also of varied tints, the 
amethyst, purple in colour, the agate like a striped chalcedony 
and the jasper and cornelian, both of a reddish hue. 

Glass. An important use of silica is the manufacture 
of glass from pure sand. The sand is heated with lime- 
stone and sodium carbonate ; the silicate of lime and soda 
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Fie . 176. Pouktng and Jvollinc Plate Glass. 


so formed is commonly known as glass. The melting point 
is very high — about 1375" (V -blit glass becomes plastic at a 
lower temperature than its melting point and can then be 
moulded, or blown to make bottles or rolled to form plate glass 
(Fig. 170). 


CHAPTER XVI 


i' 

ACIDS. ALKALIS AND SALTS. SOAP. CHLORINlf 
BLEACHING AGENTS. DISINFECTANTS. NI- 
TRATES. CROP ROTATION. NITROGEN CYCLE 

Acids and alkalis. Some everyday substances are of parti- 
cular value because they have the chemical property of being 
either acid or alkaline. It has already been seen in Chapter 
XII that the solut ion of a non -metallic oxide in water forms an 
acid. Other common substances may be classified as acids or 
alkalis ; if they produce no colour change in litmus they are 
said to be neutral. 

ExrT. 79. Common acid and alkali substances. Obtain a 
little of each of the following substances : lemon juice, vinegar, 
common salt, borax, soda, tomato juice, tartaric acid, lime-water, 
ammonia, caustic soda^soap powder, sugar, sour milk. If the sub- 
stance is solid dissolve ft in some water in a test tube. To each, add 
a drop of litmus solution, shake the test tube and note any colour 
change. Enter your results in three columns according to whether 
the substances are acid, alkaline or neutral. 

Liquids like vinegar, lemon juice and sour milk, have a sour 
taste and turn litmus red ; these tw o effects are characteristic 
of acids. Vinegar contains acetic acid ; lemon juice, citric 
acid ; sour milk, lactic acid. 

Ammonia and washing soda are typical alkalis. In the home 
they are used for softening water and for a variety of cleaning 
purposes. 

Sugar and salt form neutral solutions. 

Mineral acids* Acids like citric acid and lactic acid, which 
occur naturally in ordinary food, are not much used for scien- 
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tific work. The three mineral acids in common use in the 
laboratory are sulphuric acid, hydrochloric acid and nitric acid. 
These three acids are powerful ones, and when undiluted, they 
have dangerous corrosive and burning effects. 

Sulphuric acid is a colourless liquid of specific gravity 1*8. 
It chars animal and vegetable matter and causes burns if 
dropped on the skin. When diluting it for experimental work, 
acid must always be added gradually to water (not water to 
acid). When this is done, much heat is evolved and the solution 
gets very hot. Its formula is H 2 S0 4 , which indicates that a 
molecule of the compound contains two atoms of hydrogen, 
one of sulphur and four of oxygen. 

Hydrochloric acid is a colourless gas until it passes into moist 
air, when it fumes strongly. It is very soluble in water, and 
the solution obtained when the gas is passed into water 
until no more dissolves, is concentrated hydrochloric acid, 
a liquid with specific gravity 1*2. Its formula is HC1, so 
that a molecule consists of one atom of hydrogen and one 
of chlorine. 

Nitric acid is a fuming brown liquid of specific gravity 1*5. 
It is highly corrosive and ii it touches the skin, it leaves a yellow 
stain. Its formula is HNO ;j . 

Properties of acids. The chief properties of acids are shown 
by their effect on metals and on carbonates (for exjfmple, chalk 
and washing soda). 

Expt. 80. Properties of sulphuric acid, (a) Pour 50 c.o. of 
distilled water into a beaker and ad the temperature. Gently add 
about 10 e.e. of concentrated sulphuric acid to the water, stir the 
mixture and read the temperature again. 

(6) Dip a glass rod into the dilute solution just made, and write 
a word on a piece of paper. When the liquid has dried, the writing 
is invisible. Now wanu the paper near a flame, and notiee how 
charring results and the word appears black. 

(r) Add dilute sulphuric acid to ?.inc, iron and copper in test tubes. 
Hold a second test tube vertically with the mouth downwards, (Fig. 
177 (i)), over the test tube containing the acid and metal. The 
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Hydrogen 


metal dissolves and the liquid effervesces because a gas is being 
given off. After a minute or two apply a lighted taper to the upper 

test tube ; it pops, showing that 
hydrogen has flowed up into it and 
become mixed with the air. There 
is no effect with copper. 

(d) Add dilute sulphuric acid to 
washing soda and chalk. Note 
the effervescence and pour the gas 
/ y given off downwards into a test 

■ f \ tube containing lime water (Fig. 

177 (ii)). The carbonates dissolve 
and give off carbon dioxide. 

Expt. 81. Properties of hy- 
drochloric acid, (a) Gently warm 
a little concentrated hydrochloric 
acid in a test tube. Notice the 
fumes that are given off as the gas 
comes out of solution. 

(b) Carry out a similar experi- 
ment to part (c) of the previous 
Observe the different effect, with copper. 


-Acid 


-Metal 



(0 

Fro. 177. Tests or the Gases 

GIVEN OJT WHEN ACIDS AKE ADDED 

to (i) Metals (n) Carbonates. 


one. 


(c) Add dilute acid to chalk and soda as in part (d) of previous 
experiment. 


Exit 82. Properties of nitric acid, (a) Put a piece of cork 
ill some nitric acid in attest, tube. Heat it and notice that, the cork 
swells and is stained yellow. 

(b) Add dilute acid to meta Is as in the previous experiment. No hy- 
drogen can be detected but reddish fumes can be seen in the test tube. 
Notice that a blue solution is formed when the copper dissolves. 

(c) Add acid to the carbonate and test as before. 


With the exception of dilute sulphuric acid and copper, it 
seems that dilute acids dissolve metals, and hydrogen is evolved. 
The element present in all acids is hydrogen , and when chemical 
action takes place between an acid and a metal, the metal dis- 
places the hydrogen from the acid. Thus : 

Zn + H,S0 4 = ZnS0 4 + H 2 . 

zinc sulphuric acid zinc sulphate hydrogen 

The zinc sulphate so formed is called a salt ; the salts formed 
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from sulphuric acid are sulphates. In a similar way Expt. 81 
gives us : 

Fe + 2HC1 = FeCl 2 4- H 2 . 

iron hydrochloric acid iron chloride hydrogen 

This time the salt is iron chloride, the salts from hydro- 
chloric acid being known as chlorides. In the case of nitric acid 
the effect is slightly different, because the hydrogen formed 
breaks up the acid still in the solution, and so a brown gas, a 
compound of nitrogen and oxygen, is evolved. The salts from 
nitric acid are nitrates, from acetic acid acetates, from oxalic acid 
oxalates, and from carbonic acid carbonates. 

The properties of acids are then (1) they have a sour taste, 
(2) they turn blue litmus red, (3) they dissolve metals and 
hydrogen is evolved, (4) they dissolve carbonates, carbon 
dioxide being liberated. 

Uses of acids. The three mineral acids are not met with in 
everyday life so frequently as those, like citric acid and lactic 
acid, which occur in food, Sulphuric acid is, however, found in 
the battery of motor cars, it being the essential acid for accumu- 
lators, and hydrochloric acid is used on a large scale in industry 
for bleaching coloured fabrics and for the manufacture of 
chemicals. 

In the home, vinegar, which contains acetic acid, is used (1) as 
a condiment, (2) for preserving pickles, (3) as a liquid consti- 
tuent of a paste for polishing metals, (4) to remove red ink 
stains, (5) to produce an acid effect when necessary in laundry 
w r ork. Lemon juice (citric acid) can be used for cleaning marble, 
a form of calcium carbonate, and for removing stains. Oxalic 
acid is a poison and must be used with care. It is chiefly of 
value for removing iron mould, and ink stains, but the material 
must be well rinsed with hot water or any acid remaining may 
rot the material. Tartaric acid is used in cooking ; it is a con- 
stituent of baking powder, and by its action on bicarbonate of 
soda causes carbon dioxide to be given off, this gas making the 
cooked materials light ”. 
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Alkalis* It has been seen that when sodium and magnesium 
bum in oxygen, oxides are formed which more or less dissolve 
in water to form alkaline solutions. The oxide of another metal, 
iron, is insoluble in water. The oxide of a metal is a base, and 
when a base is soluble in water, it is called an alkali. So iron 
oxide, sodium oxide and magnesium oxide are all bases, but 
solutions of the two latter are alkalis also. Since in them the 
metallic oxide has combined with water they are termed 
hydroxides, for example, sodium hydroxide (NaOH). 

Two important alkalis, sodium hydroxide and potassium 
hydroxide, have a strong corrosive and burning effect ; they 
are caustic alkalis, and are generally called caustic soda and 
caustic potash. Calcium hydroxide or limewater is a mild 
alkali formed from a solution of slaked lime and water. Sodium 
carbonate or washing soda also gives a mildly alkaline solution. 
Ammonia hydroxide, commonly called ammonia, is not formed 

from a base but by the solution of 
ammonia gas in water. 

E xpt. 83 . Preparation of ammonia. 

Mix equal quantities of saJ ammoniac 
and quicklime and place in a hard glass 
tube with a layer of quicklime on the 
surface of the mixture. Fit a cork and 
delivery tube as in Fig. 178. Warm the 
mixture gently and collect a jar of the 
gas by upward displacement, that is. 
the gas being lighter than air flows up 
and displaces the air in the gas jar. 
The characteristic smell of ammonia can 
readily be detected. Place the gas jar of 
gas mouth downwards in a vessel of water 
coloured with litmus ; shake gently and 
notice how the water rushes up into the jar as the gas dissolves ; 
the litmus changes colour as the alkaline solution forms. 

Prepare another solution of ammonia by pointing the delivery tube 
downwards and connecting it to a funnel, the funnel being placed 
just below the surface of some distilled water in a beaker. The gas 
passes into the water and a strong solution can be made. 



Fio. 178. Pkepahation of 
Ammonia. 
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Uses of alkalis* Alkalis, such as washing soda, ammonia and 
lime water can be used for softening' hard water. In this wdfy, 
they assist cleaning operations, but their effectiveness in this 
direction is made more complete by their property of emulsi- 
fying grease. It has been seen that an emulsion is formed when 
an oil is broken up into small particles and held in suspension 
in a liquid. The presence of an alkali makes emulsification take 
place more readily so that things are more easily cleaned in 
water that is slightly alkaline. The detergents which are in 
such common use to-day for all kinds of washing processes act 
in a similar way by removing grease by mixing oil and water 
and causing oil -soluble and water-soluble combinations. Thus 
dirt and unwanted materials are wetted and detached from 
clothes, crockery and cutlery. 

Soap. An important use of the caustic alkalis is in the manu- 
facture of soap. When mutton fat (glyceryl stearate) is boiled 
with a solution of caustic- soda, a soapy liquid is obtained. If 
salt is added, a salt solution is formed in which soap is insoluble; 
the soap then separates out. 

Exft. 84. Preparation of soap* Hang a muslin bag containing 
shredded suet, in a beaker of water and boil the water hard, kneading 
the bag meanwhile, so that the tallow passes out. Skim off the fat, 
and place it in a large evaporating dish with three times as much 
caustic soda solution. Boil for half an hour and then add an equal 
quantity of salt solution. On re-boiling, the soap should separate 
out and rise to the top. Skim off this soap, and re-dissolve it in 
distilled water to wash it. Add salt solution and separate it out 
again. Skim off the soap and press it between blotting paper to dry 
it. 


In Chapter XIII, it was seen that soap consists of sodium 
stearate, and in its manufacture the process that takes place is 
that : 


glyceryl sodium 

stearate hydroxide 

(mutton fat) (caustic soda) 


sodium glyceryl 

stearate hydroxide. 

(soap) (glycerine) 

J.a.ft: 


o 
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For other kinds of soap, olive oil or palm oil can be used 
instead of tallow, but the reaction between the oil and fat and 
the caustic alkali is similar. To manufacture soft soap, caustic 
potash is used instead of caustic soda. 

The difficulty of making soap lather in hard water was dis- 
cussed on page 198, and it was seen that the scum formed was 
calcium stearate. Thus : 

sodium calcium calcium sodium 

4- — + 

stearate bicarbonate stearate bicarbonate. 

(soap) (scum) (dissolved) 

Salts. A salt is formed when an acid dissolves a metal, and 
the latter displaces hydrogen from the acid. Another way in 
which a salt can be formed is by neutralisation of an acid by a 
suitable amount of an alkali or by a base. The salt so obtained 
is neutral and has neither an acid nor an alkaline effect on 
litmus. 

Expt. 85. Preparation of common salt. Measure 25 c.c. of 
caustic soda solution into ail evaporating dish. Add dilute hydro- 
chloric acid, drop by drop, stirring with a glass rocf and test the 
solution by letting a little solution fall from the glass rod on to red 
and blue litmus paper. When there is no effect on either kind of 
litmus, the solution is nputral. Evaporate it gently to dryness until 
only a white residue is left. Taste this white residue. 

Common «salt is sodium chloride, and it can be made by 
neutralising caustic soda solution with hydrochloric acid. Thus : 

NaOH + HC1 - NaCl + H 2 0. 

caustic hydrochloric sodium water 
soda acid chloride 

The neutral solution consists of a solution of salt in water and 
by evaporation the water is driven off, so that the salt remains. 

The common salt in everyday use as a condiment and as a 
preservative of fish, meat and butter, is obtained by the purifi- 
cation of the mineral rock salt. This is found in the earth in 
layers of varying thickness. There are very large deposits in 
Wielieza in Galicia, and considerable quantities are to be found 
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Fig. 179. Harvesting Salt prom the Caspian Sea. 


in Cheshire. Sometimes the salt is actually mined, but a simple 
way of obtaining it is by boring two holes down to the salt- 
bearing strata, sending water down one and pumping it as a 
brine solution up the other. When the brine solution is eva 
porated crystals of salt are left. Salt can also be obtained 
mixed with other substances in sea water (Fig. 179). 

Expt. 86. Preparation of Epsom salts* Measure 25 c.c. of 
dilute sulphuric; acid into an evaporating dish. Warm gently and 
gradually add magnesium oxide, stirring well w ith a glass rod and 



236 


GENERAL SCIENCE 


testing, as in the previous experiment, with litmus paper. When the 
acid has been neutralised by the base, filter the solution, evaporate 
it down and leave it to crystallise. Transparent crystals of mag- 
nesium sulphate (Epsom salts) are obtained. 

Epsom salts are magnesium sulphate and the base, mag- 
nesium oxide, which is only slightly soluble in w^ater, dissolves 
in sulphuric acid and neutralises it. Thus : 

MgO + H 2 S0 4 - MgS0 4 + H 2 0. 

magriosium sulphuric magnesium water 
oxide acid sulphate 

In the crystals of Epsom salts, some of the waiter is associated 
with the salt in crystal form, that is, it is water of crystallisation. 

Chlorine. When hydrochloric acid is heated with manganese 
dioxide, a gas chlorine is evolved. This gas was the first one to 
be used as a poison gas in the Great War. It is of great value in 
industrial purposes, because it combines with slaked lime to 
form bleaching powder, a powder which removes the colour from 
fabrics and makes them white. 

Expt. H7. Preparation and properties of chlorine. (") 
Place a mixture of manganese dioxide and concentrated hydro- 
chloric acid in a flask and fit up the apparatus as shown in Fig. ISO. 



Fig. 180. Preparation of Chlorine. 
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The gas is passed through a wash bottle* containing water to remove 
any acid which may be carried over, and it is then collected 
downward displacement. The experiment should be carried out in a 
fume cupboard. Collect tw o jars of gas and cover them w ith greased 
plates. Note its greenish colour and irritating smell. 

(b) Put a piece of bright red cloth in a jar of the gas and leave for 
a few' minutes. Then add a little w r ater and shake. When the 
chlorine is damp, the cloth is bleached and turns white. Repeat 
with a piece of paper marked with writing ink. 

In the presence of moisture chlorine has a bleaching action, 
because it forms hypochlorous acid (H0C1) which is a bleaching 
agent. 

Bleaching agents* Hypochlorous acid acts as a bleaching 
agent because it tends to form hydrochloric acid and liberate 

oxygen. Thn. : 2H0C! -■ 2HC1 + 0 2 . 

The oxygen set free oxidises the colouring matter and the new r 
substances formed may be colourless. For example, unbleached 
calico has a yellow ish tinge because of the presence of browm 
colouring matter ; a bleaching agent oxidises this brow r n sub- 
stance so that it becomes colourless, and the calico then becomes 
w hite. Many bleaching agents are hypochlorites ; that is. salts 
formed from hypochlorous acid ; t hese should not be confused with 
the chlorides formed from hydrochloric acid. Bleaching powder* 
or calcium hypochlorite, which is made by passing chlorine over 
lime, is largely used in » he manufacture of cotton fabrics ; the 
materials are saturated with a solution of the bleaching pow'der, 
left for some time and then thoroughly washed. The washing 
pro (‘.ess is necessary, because the bleaching powder solution may 
leave specks of the solid pow der in the fabric, and these w ould 
cause rotting. To avoid this danger, laundries generally use a 
solution of sodium hypochlorite : w hite cotton and linen articles 
are treated with this to ensure that they are returned from the 
laundry a good colour. 

Hypochlorites are not suitable for bleaching wool, silk 
materials or straw ; their action is too corrosive and the 
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materials would be destroyed. For bleaching such substances, 
sulphurous acid is used, and this, instead of oxidising the colour- 
ing matter, as is the case with compounds of chlorine, reduces 
it to form colourless compounds. (The process of reduction is 
mentioned in Chapter XV.) Alternatively, delicate materials 
may be bleached with hydrogen peroxide (H 2 0 2 ) ; the action in 
this case is an oxidation of the colouring matter, but there is no 
chlorine present to cause injury to the fabrics. Most people are 
aware of the bleaching effect of hydrogen peroxide in converting 
dark hair to a golden yellow, so that a brunette becomes 
changed to a “ peroxide blonde ”. 

Disinfectants. It was mentioned in Chapter V that one of 
the impurities in the air of a room are the bacteria that cause 
such diseases as the common cold, influenza, diphtheria, and 
typhoid. The bacteria or “ germs ” may gain entrance to the 
body in a number of ways ; by the air breathed in, by contami- 
nated food, by exposed cuts and abrasions or by direct contact 
with infected individuals. When disinfectants are used, they 
destroy these bacteria, while antiseptics retard or prevent, their 
growth without actually killing them. 

One simple method of disinfection is by exposure to sunlight ; 
in a few hours the ultraviolet rays will kill bacteria. Heat may 
have a similar effect, as, for example, when milk is pasteurised 
by keeping it at a temperature of between 145° F. and 150° F. 
for half an hour ; in this way bacteria causing tuberculosis, 
diphtheria, dysentry and typhoid are destroyed. Chemical dis- 
infectants used in solution are very often oxidising agents ; they 
oxidise decaying animal and vegetable matter and render it 
harmless, as well as destroying microbes. To this type belong 
two substances already mentioned for their use in bleaching, 
sodium hypochlorite and hydrogen peroxide. A solution of the 
former is sold as a disinfectant, and the latter is a powerful 
antiseptic much used as a gargle and mouth wash. Two other 
liquids very similar in action are solutions of potassium per- 
manganate and sodium permanganate. Both are pink in colour, 



NITRATES 


239 


the latter being more generally known as Condy’s fluid. 
Chlorine is also an active disinfectant. 9 

Certain products of coal tar known as the cresols have 
powerful antiseptic properties, the most valuable of these being 
phenol or carbolic acid. Other useful antiseptics are iodine, 
which is an element, and the compound of iodine with carbon 
and hydrogen known as iodoform. 

Nitrates* The salts obtained from nitric acid are known as 
nitrates and some of these compounds have valuable uses in the 
arts both of war and peace. Nitric acid and nitrates are 
essential for the making of such explosives as trinitrotoluene 
(t.n.t.), and guncotton, which are made by treating toluene and 
cotton respectively with nitric acid. Dynamite consists chiefly 
of nitro-glycerine or glyceryl nitrate. For more peaceful pur- 
poses, cotton treated with nitric acid by different processes 
produces such valuable substances as celluloid and artificial 
silk. 

In agriculture, nitrates are of the utmost importance. It was 
seen in Chapter XII that plants require nitrogen for food. This 
and other less important elements they obtain in the form of 
soluble compounds dissolved in the water absorbed by the soil. 
(This will be discussed more fully in the next chapter.) The 
most important of such compounds are the nitrates and, in 
particular, calcium nitrate With the growth of plants, these 
nitrates get used up and, without some means of replenishing 
them, the ground would become sterile. Certain ways in which 
the replenishment takes place in Nature will be described in the 
next paragraph, but an artificial way of achieving it is by the 
use of natural or artificial manures. The most important arti- 
ficial manure is sodium nitrate, which is imported in large quan- 
tities from the nitrate fields of Chile ; it occurs there as a 
natural deposit on the ground (Fig. 181). xAnother artificial 
manure is ammonium sulphate, a by-product in the manu- 
facture of coal gas ; in this case i he bacteria of the soil convert 
the compound into nitrates. Since it is possible that the 
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Pig. 181 . Crystals op Sodtttm Nttrate are heaped on a Ledge 

RESIDE THE VATS USED TO EVAPORATE THE SOLUTION. 


supplies of Chilian nitrate will only last for a limited period, 
chemists have devised methods of making nitrates and other 
compounds from the nitrogen of the air, and these methods are 
now the chief sources of supply of agricultural fertilisers. 

Crop rotation. Another method of refreshing*the soil is by 
crop rotation, if crops with different food requirements are 
planted each year in the same ground, there is a much better 
yield of produce. A tlsual four-course rotation consists of root 

crops, barley or oats, clover, and wheat. Thus : 

* 

root crop — barley or oats, 

t 

wheat. < clover. 

Certain crops such as peas, beans, vetches and clover are of 
particular value because they enrich the soil by increasing its 
nitrogenous content. They achieve this because bacteria from 
the soil enter the root hairs and cause swellings on the roots ; in 
this way nitrogen from the air is “ fixed ” and converted into 
nitrogenous material. For this reason, the remains of a clover 
crop are dug into the soil to renourish it. Another advantage 
of crop rotation is that different crops are susceptible to 
different plant diseases and insect pests, so that with changes 
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each year there is less chance of any particular disease or pest 
becoming established. 

Nitrogen cycle* One natural way in which nitrogen from 
the air becomes fixed ” in nitrogen compounds in the soil is 
by the lightning flashes in a thunderstorm. The discharge of 
electricity makes some of the oxygen, nitrogen and water vapour 
of the air combine to form nitric acid, and this is washed into 
the soil with the rain, where it reacts with limestone to form 
calcium nitrate. 

Another way in w^iich the soil gains nitrogenous compounds 
is from the death and decay of plants and animals, and from 
the waste products of animals. The nitrogen absorbed by the 
plant or animal is left in the substances of its body even when 



Fig. 182. Diagram of the N'Tuogen Cycle in Nature. 

it dies, but in this form it is useless to living plants as food. 
Certain bacteria in the soil, however, convert these remains 
into nitrates so that they replenish the soil. The waste matter 
from animals falls on the soil and is converted in this way, but 
most human sewage is sent into the sea or chemically 
destroyed by man. Some may slowly return to the atmo- 
sphere or remain in the form of ammonia and nitrates. In 
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addition to these nitrifying bacteria which convert decaying 
animal and vegetable matter into nitrates, certain other bacteria 
known as denitrifying ones, act upon the dead bodies of plants 
and animals and upon waste animal matter to turn the nitrogen 
in them into gaseous nitrogen which escapes into the air. 

Fig. 182 shows how nitrogen circulates by these various pro- 
cesses, that is, it shows the nitrogen cycle. Nitrogen from the 
compounds in the soil goes to build up proteins in plants ; these 
provide food for animals and so build up proteins in animals. 
The excretions of animals and the decay of plants form the 
waste products of life, and these latter return to the soil as 
nitrogenous compounds, or produce free nitrogen in the air. 



CHAPTER XVII 


NON-LIVING AND LIVING MATTER. PLANT AND 
ANIMAL LIFE. NUTRITION. RESPIRATION. RE- 
PRODUCTION. ENVIRONMENT. HEREDITY AND 
EVOLUTION 

Non-living and living matter. In making a study of man’s 
environment, only the non-living things that surround him have 
so far been considered. As man becomes more civilized, he 
comes to depend more and more on the inanimate things he 
invents rather than on natural living things ; for example, he 
now uses motor-cars and aeroplanes as means of transport in- 
stead ®f horses and mules. Ultimately he may even make his 
food artificially by chemical means. But still living things will 
be of fundamental importance, because he himself is a living 
creature, and all the natural surroundings of the countryside 
consist of living matter or organisms. # 

There are differences between living and non-living matter. 
Five important characteristics possessed by most organisms and 
not by inanimate objects are : 

]. Most living things can move — animals more freely than 
plants. 

2. Living things require food. This food is changed, by 

chemical processes, into the substance of their bodies. 
This change, together with the absorption of the pro- 
ducts of change, is called nutrition. 

3. Most living things take in oxygen and give out carbon 

dioxide. This process is known as respiration 
243 
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« 4. Most living things produce young ones, which grow into 
animals and plants of the same kind as their parents. 
This is reproduction. 

5. Living things change with time in a rhythmic way. 
Most plants alter throughout the year with the seasons ; 
the hearts of animals beat rhythmically so long as they 
remain alive. 

Plant and animal life. The characteristics just mentioned 
are typical of almost all forms of life, but they are adapted 
differently to the two types of life — plant and animal. One 
obvious difference is that most animals can move freely from 
place to place, while most plants are in a fixed position. In the 
lower types of life, however, this distinction is not so sharply 
marked, and animals, like corals and sponges, may be fixed, 
while some extremely small green plants can swim about in 
the water in which they live. 

The process of nutrition varies also. Most animals consume 
solid food and feed on plants and other animals. Plants require 
the raw materials of their food in a gaseous or liquid form, and 
obtain it from the air and soil around them. The main raw 
material is generally the carbon dioxide from the air, and nitro- 
gen and of/her elements they obtain from the compounds dis- 
solved in the water of the soil. 

The respiration of plants also is less obvious than that of 
animals ; they are not so energetic or active and so their re- 
spiration goes on at a slower rate. 

Many animals breathe by lungs or gills, and plants by the 
intercellular spaces (that is, spaces between the cells) of their 
leaves and roots. Nevertheless, the process of respiration is 
essentially the same in both, and oxygen is essential for the life 
of most plants. 

The power of growth and of reproduction possessed by plants 
and animals distinguishes them sharply from inanimate 
objects. Millions of bacteria may be produced from a single 
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bacterium in a day, and a plant may produce thousands of 
seeds. In the majority of cases, plants and animals prodifce 
their young by means of eggs and sperms. 

Protoplasm* All living things are composed of tiny cells of 
a jelly-like substance called protoplasm. Chemists do not know 
what it is that gives life to this substance, but an analysis of 
dead protoplasm shows it to be made up chiefly of certain com- 
plicated chemical compounds called proteins. These compounds 
consist of the elements carbon, hydrogen, nitrogen and oxygen, 
together with a small proportion of sulphur and sometimes 
phosphorus as well. There is a great number of different 
kinds of protein molecules containing varying numbers of 
the atoms of these elements ; one molecule of a protein 
may contain hundreds of atoms. Since these proteins, which 
are the essential constituents of living cells, exist in such 
variety, the actual protoplasm of different species of plants 
and animals varies considerably. All forms of protoplasm 
also contain a high percentage of water, some carbohydrates, 
some fats and some inorganic salts. Carbohydrates and flits 
contain the elements carbon, hydrogen and oxygen, but never 
nitrogen. 

If an organism is to live and grow, it must be continually re- 
pairing old cells and making new ones. It must therefore 
always be building up protoplasm, and to do this, it* must feed, 
absorb water and respire. Nutrition and respiration are 
essential for its life. 

How plants obtain nutriment from the soil* Animals gain 
their nutrition by swallowing food material, but plants obtain 
the raw' materials for their food m liquid and gaseous form 
from the soil and from the air. 

The plant obtains some raw materials for its food from the 
soil because the elements it needs exist in the form of com- 
pounds in solution in the soil water, as, for example, nitrates, 
phosphates, chlorides and sulphates. Water containing these 
substances in solution enters the plant chiefly by means of the 
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Fig. 183 Diagram showing how a Root Hair lies amongst the 
Particles of Soil and the Water contained in the Soil 

root hairs (Fig. 183) which spread out through the soil and come 
into contact with the water occupying the spaces between its 
particles. The water the plant thus receives sewes to give it 
rigidity as well as supplying it with food. 

Expt. 8H. Observation of root hairs* Scatter mustard seeds 
on several thicknesses of blotting paper placed on a saucer. Pour 
enough Mater into the' saucer to make the paper thoroughly wet, 
place a piece of glass over the top, and leave in a warm place. 
After a few days, notice Iho appearance of the first root, this being 
covered with root hairs. Examine the hairs with a lens and notice 
how delicate they are. 

When seedlings are being transplanted, the earth around the 
young roots should he disturbed as little as possible, so that the 
root hairs may not be damaged. 

In rhapter XI the process of osmosis was described, and it is 
by this means that the solution containing dissolved substances 
passes into the plant. The root hairs consist of cells covered 
by a thin membrane of protoplasmic material. The sap inside 
the cell corresponds to the golden syrup of Expt. 54, and this 
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does not pass out because the protoplasmic membrane is semi- 
permeable ; it lets the soil water pass into the sap, but does 
not let the sap escape. Furthermore, osmosis produces a pres- 
sure known as root pressure and this, together with other 
factors not yet understood, causes the sap to rise up 
through the minute capillary tubes that traverse the roots 
and stem of the plant, and pass along the veins of leaves 
and petals. If a snowdrop or some other white flower is 
placed with its roots in red-ink solution, after a short time 
the red solution can be seen to have reached the petals. 

Transpiration* The solution containing mineral salts, etc., 
from the soil is very dilute, so that much unnecessary water is 
present. The plant therefore retains the food -salts and gives 
off the excess water to the atmosphere as water-vapour. This 
process of transpiration takes place 
chiefly through a number of small 
openings called stomata (Fig. 184), 
which can be seen with the aid 
of a microscope on the leaves of 
a plant and on young stems. In 
most cases there arc many more 
stomata on the under surface of 
the leaf than on the upper. These 
stomata are each flanked by two 
kidney-shaped cells calk'd guard- 
cells, and open into spaces be- 
tween the cells of the leaf ; the 
water-vapour escapes through the Fjc , 84 Part op raB Under . 
stomata into the atmosphere, surface of a Potato Leaf show 
Transpiration takes place more S'™™ J ^ wroNMD 

slowly if the surrounding air is (Magnified 100 times) 

already very humid, or very still, 

or if the plant is in the dark. Another function of the stomata 
is the taking in of air from the atmosphere outside. The plant 
needs the carbon dioxide of the air as raw food material, and 
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tlje oxygen for respiration. It absorbs the carbon dioxide 
only in the daylight, but the oxygen at all times, night 
and day. 

How plants obtain food from the air* Of the various ele- 
ments present as compounds in the protoplasm of plants, some 
are derived from the soil, some from the air. The most import- 
ant element obtained from the soil is the nitrogen of the 
nitrates, together with small amounts of sulphur and phos- 
phorus ; in addition, the soil water can yield hydrogen and 
oxygen. But to get proper nourishment, the plant still needs 
a good supply of the element carbon, and instead of obtaining 
this from the carbonate rocks of the earth’s crust, it utilizes the 
small amount of carbon dioxide present in the air ; this process 
was at one time known as carbon assimilation. For this to take 
place, certain things must be present ; carbon dioxide, water, 
light and chlorophyll. This last substance is one of the most 
marvellous ones existing in Nature, for by means of it the 
natural food supplies of the world are manufactured. It con- 
sists of a mixture of green and yellow colouring (matters in the 
form of tiny bodies called chloroplasts, which lie in the proto- 
plasm. 

Now when carbon dioxide from the air passes into the leaves 
by means of the stomata, it encounters water drawn up from 
the roots,* and, if sunlight is present, the chlorophyll uses the 
energy of the light to manufacture sugar and starch from the 
carbon dioxide and ivater. Some oxygen is left over, and this 
excess is returned to the air again through the stomata. In 
Expt. 64, on page 184 it was seen that a plant, in the presence 
of sunlight, feeds on carbon dioxide and gives off oxygen. 

Since the process can only take place when light is present, 
it is now known as photosynthesis (from the Greek phos, light 
and synthesis , building up), a term more often used than the 
term ‘ carbon assimilation.’ From what has been said about 
colour in Chapter VII, it is obvious that it is the red part of 
the spectrum that supplies the chlorophyll with the necessary 
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energy ; the green colour of leaves must be due to their 
reflecting green light and absorbing the red. Plants, like 
mushrooms and toadstools, which are not green, do not feed 
by photosynthesis, but depend on decaying vegetable and 
animal remains for nourishment. 

Starch and sugar are carbohydrates, that is, compounds of the 
elements carbon, hydrogen and oxygen. Such substances are 
essential to life and only plants can manufacture them in this 
way ; this explains the importance of the chlorophyll on which 
the process depends. Another carbohydrate, cellulose, is also 
formed and this is the chief constituent of the walls of the 
cells of plants and of w ood. 

It is only while light is present that starch is formed in the 
leaves of the plant. This can be shown by a simple experiment. 

Expt. 89. Formation of starch in leaves exposed to sun- 
light. Take a plant with largo leaves, and keep it in the dark for 
two days. Then cover a portion of one of the leaves by fixing corks 
opposite each other with pins ( Fig. 185 (i)). Expose the plant to sun- 
light for a few hours. Break the leaf off the plant and remove the 
corks. Kill the leaf by holding it in boiling w r ater for a few minutes 



Fig. ]8o. (i) A Cork fixed \ Leaf before exposing it 

to Sunlight, (u) No Starch is iormed in the part of the 
Leaf gut off from the Sunlight. 


J.G.S. 
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and remove the colouring matter (the chlorophyll) by boiling it in 
methylated spirit. Place the bleached leaf on a white saucer and 
pour some iodine solution over it ; it will turn blue every- 
where except in the part that was not exposed to the sunlight 
(Fig. 185 (ii)). 

A test for starch is that it gives a deep blue colour with iodine, 
and the experiment shows that exposure to sunlight caused 
starch to be formed everywhere in the leaf except the covered 
part. Starch is only made, however, while the leaf is in the air 
and sunlight, and a few hours after removing it from the light 
the starch would be found to have disappeared. If it did not 
disappear, the starch grains would block up the leaves, because 
starch is insoluble in water. At night, therefore, when photo- 
synthesis ceases, the starch becomes converted into sugar, 
which is soluble in water and the sugar in solution travels to 
some other part of the plant, where it is often converted back 
to starch again. Thus starch is stored in the grains of wheat or 
in the tubers of potatoes. Sometimes, instead of being stored 
as starch, the sugar remains as free sugar ; suc^i is the case 
with sweet fruits, the sugar cane and sugar beet. 

Respiration of plants. The process of photosynthesis just 
described is essentia^y a feeding process even although it is 
concerned with the taking in of carbon dioxide and the giving 
out of oxygen. The carbon dioxide is used as food and the 
oxygen is a waste product. In respiration , however, the plant 
takes in oxygen and gives out carbon dioxide. Both feeding 
and respiration are going on at the same time during the day, 
but the former process is so much more marked that the 
breathing is hardly noticeable. At night, during the absence 
of photosynthesis, respiration is more obvious, but it should 
be remembered that it is actually taking place at all times of 
the day and night. 

Expt. 90. Carbon dioxide given off by seeds. Place some 
germinating barley seeds in a muslin bag and hang them over some 
clean lime water in a corked bottle (Fig. 186). Leave the bottle 
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in a dark cupboard for two hours. (Darkness is necessary or Jhe 
carbon dioxide produced may be rc-absorbed by any green tissue, 
photosynthesis being the more marked 
effect.) On examining the bottle again, 
the lime water will be seen to have a film 
on it and on shaking up the bottle it will 
turn milky. If a thermometer is placed 
in the seeds they will be found to be at 
a slightly higher temperature than their 
surroundings. 

The experiment shows that the seeds 
have given off carbon dioxide ; actu- 
ally they have absorbed oxygen from 
the air in the bottle and given off 
carbon dioxide. 

The amount of oxygen given off 
(luring the feeding process of plants 
is much greater than that absorbed during respiration, and 
this excess of oxygen helps to provide the balance of oxy- 
gen rjceded for the respiration of animals. At the same 
time, the carbon dioxide returned to the air by the animals in 
breathing provides food for green plants. Thus a cycle between 
plants and animals assists in keeping the proportion of oxygen 
and carbon dioxide in the air fairly constant. 

Nutrition in animals* Animals take in water an& solid food 


Fig. 186 . Germinating 
Seeds hung in a Closed 
Bottle over Ltmewatkr 

CAN BE SHOWN TO GIVE OFF 

Carbon Dioxide. 


by the mouth and pass it to the digestive system, where it is 
converted into a form in which it can be assimilated by the 
body for the production of energy and new protoplasmic 
material. 


It has been seen that plants only need water, nitrates, and 
other salts, and carbon dioxide. Animals, however, need more 
complex foodstuffs such as they can obtain from plants or 
other animals ; they cannot build up carbohydrates from the 
elements as plants can. The highest form of animal, man, 
requires in his diet, water and five kinds of foodstuffs ; (1) pro- 
teins, (2) carbohydrates, (3) fats and oils, (4) mineral salts, 
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(5j vitamins. The proteins he obtains from foods like meat, 
eggs and cheese ; the carbohydrates from starch and sugar 
foods like bread, potatoes and sugar : the fats and oils from 
substances like butter and lard ; the mineral salts from common 
salt, vegetables and fruit. Fig. 187 shows the proportion of 
water, fat, carbohydrates and proteins in different foods. Until 
the present century, these four classes of foodstuff were thought 



Milk t . Bread 

Fig. 187. The Proportion op Water, Carbohydrate, Fat and 
Protein in some Common Foods. 

1 --water 3— fats 

2 - carbohy drnte 4 - protein 

to be the only essential ones, but during the last thirty years it 
has been shown that vitamins are of fundamental importance, 
if good health is to be maintained. 

Vitamins* Minute quantities of vitamins are essential in 
human diet. The exact chemical composition of some of them 
has only been discovered quite recently, but for about thirty 
years it has been known that they are present in fruits like 
oranges, lemons and tomatoes, in fresh green salad and vege- 
tables, in cereal grains and in milk and butter. Several vita- 
mins have so far been discovered and they have been classified 
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by the names Vitamin A , Vitamin B, etc. ; each has sojne 
particular value to health. 

Vitamin A is of special importance to children, because they 
need it for their growth and for general health. It occurs in 
cod- liver oil, in egg-yolk, in milk and butter and in green vege- 
tables. 

There are a group of vitamins in the B group known as 
B u jB 2 and so on, the latest one to be discovered being known 
as B ]2 . They are found in yeast, in eggs and in the germ 
of cereals, and serve as a preventive of nervous diseases and of 
indigestion and anaemia. 

Vitamin C prevents scurvy, a disease from which sailors used 
to suffer when they lived on dried food. They are now given 
lime-juice or lemon juice, if fresh fruit and vegetables are un- 
obtainable. Vitamin C is present in limes, lemons, oranges, 
grape fruit, tomatoes and cabbage. 

Vitamin D stimulates growth. In its absence, the bones are 
insufficiently nourished, and rickets and other diseases may 
develop. It is present in cod liver oil and, to a less extent, in 
milk, butter and cheese. In sunlight, the body itself can manu- 
facture vitamin I) ; thus real or artificial sunlight treatment is 
usually given to children suffering from rickets. 

Several other vitamins are also known, but there are prob- 
ably more yet to be discovered. 

Respiration in animals* The reason why both plants and 
animals must take in oxygen is that they need energy. There is 
a continual reaction between the protoplasm and oxygen, which 
results in the protoplasm being oxidised and destroyed. This 
oxidation sets energy free, which is used by the plant and 
animal for movement, growth and other activities. The process 
of nutrition already described is essential for the building up 
of fresh protoplasm to take the place of that which has 
been oxidised. Respiration is equally important ; the oxida- 
tion process must continue if life and activity are to be 
maintained. 
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plants use stomata for gaseous interchange ; most animals 
use gills, lungs or other breathing apparatus. All the higher 
anitnals take in air by breathing it into their lungs ; the 
structure of these organs will be considered more fully in a later 
chapter. They contain numerous tiny blood vessels or capil- 
laries by means of which the oxygen is absorbed into the blood, 
so that it can be carried about and distributed to the various 
regions of the body. The biood contains numerous proto- 
plasmic bodies called corpuscles, and the red colouring matter 
in some of these, the haemoglobin, is the actual oxygen carrier. 
It unites with the oxygen in the lungs, and then carries it round 
the body, and gives it up to the protoplasm where necessary. 
When the protoplasm is oxidised, carbon dioxide is produced 
and this dissolves again in the blood stream in the form of 
sodium bicarbonate. In this form, it is carried back to the lungs 
again, where the carbon dioxide is set free and breathed out. 

It was seen in Expt. 25 on page 76 that the expired air from 
the human body is much richer in carbon dioxide than that 
breathed in. The process just described shows tlisfft the cyirbon 
dioxide is a waste product formed when protoplasm is oxidised. 
In a similar way carbon dioxide is formed when w ood is burnt, 
while heat energy is produced. Much of the energy obtained by 
respiration also is in the form of heat. Thus the germinating 
seeds in Expt. 90 were at a higher temperature than their sur- 
roundings ; while the living human body is alw r ays in such a 
state. 

Excretion* The processes of nutrition and respiration lead 
to the formation of waste products, which have to be excreted 
or expelled from the system. Earlier in the chapter, it w^as seen 
how plants return excess water and unwanted oxygen to the 
atmosphere. The excretion of animals is in the form of solids, 
liquids and gases. Waste solid matter from food is excreted 
from the intestines, liquids are excreted by the skin and by the 
kidneys, and gaseous products by the lungs. 

The waste products are the result of the oxidation that is 
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continually going on all over the body in the process of life. ,It 
was seen in the previous paragraph that waste carbon is re- 
moved with the expired breath. Waste nitrogen is changed 
into urea (a compound of nitrogen, carbon, hydrogen and 
oxygen) and this is expelled from the body dissolved in the 
water of the urine ; waste hydrogen is converted into water, 
which may be removed as urine, or as perspiration from the 
skin, or as water-vapour in the air exhaled. 

Reproduction. A further characteristic of living matter is 
its ability to reproduce its kind. Sometimes it achieves this by 
a simple process of division. For example, a bacterium, after 
growing to its maximum size, becomes narrowed about its 
middle and gradually separates up into two parts, the two new 
organisms thus formed being similar to the original one, so that 
the process can be repeated in them. This fission may take place 
in every bacterium two or three times an hour, so that as many 
as 200,000,000 may be produced from one individual in a day. 
Since the bacteria causing diseases produce poisons, this rapid 
multiplication might be very dangerous, but fortunately con- 
ditions are not always favourable for the nutrition and growth 
of all the organisms produced. 

Another type of reproduction is the budding that takes place 
in yeast. Part of the cell wall swells out, and this part grows 
and becomes separated from the original cell. t)uring the 
process, carbon dioxide is given off, and such fermentation 
taking place in a sugar solution containing yeast results in 
the formation of alcohol. Simlar fermentation takes place 
when yeast is mixed with flour and sugar in making bread ; 
the “ rising ” of the dough, and the porous nature of bread 
is due to bubbles of carbon dioxide being formed, and expand- 
ing wdien the bread is heated. 

Both fission and budding are examples of asexual reproduction, 
that is, one individual organism by itself reproduces organisms 
of the same kind. More frequently, living matter in plants and 
animals requires a cell of one kind to mingle its substance with 
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tlyit of another before reproduction can take place. The two 
kinds of cells are in most cases definitely male and female 
and are called gametes* When two gametes unite a new cell 
called a zygote is produced. This formation of new individuals 
as the result of the union of male and female gametes is known 
as sexual reproduction Often the gametes are of unequal size, 
the male gametes or fsperms being smaller and more active 
than the female egg-cells or ova. After fusion of the gametes 
(or fertilisation, as it is called), the zygote develops into a 
miniature organism or embryo, and this, nourished by the food 
supplies around it, grows into a mature organism of its kind. 

The production of seeds by plants will be studied more fully 
in the next chapters, and it will be seen that although it is 
sexual reproduction that takes place, sometimes the male 
gametes produced by the pollen grains exist in the same flower 
as the ova, in which case the flow er is hermaphrodite ; sometimes 
certain flowers bear the pollen and others the ova, and then 
the individual flowers are male or female and are said to be 
unisexual. Most advanced animals are unisexual.* A common 
example of a hermaphrodite animal is the earthworm. 

Environment. No living organism exists alone in the w^orld, 
and its structure, habits and growth depend on the influences 
it receives from the world around it (that is, its environment). 
Such influences may be due to both animate and inanimate 
objects ; for example, the living organisms in a pond depend 
on each other and on the water around them. The latter, 
although inanimate, varies considerably in temperature in 
winter and summer, and living things must adapt themselves 
to such changes if they are to survive. Moreover, they must 
be able to secure the oxygen necessary for their respiration, 
either from the air dissolved in the w r ater or by rising to the 
surface, and their nutrition from other plants or animals near 
them. 

It seems, then, that all living things must adapt themselves 
to their environment in order that they may obtain what is 
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essential for their life. Accordingly, they adjust themselves to 
the conditions of air , water , food, light , temperature , gravity and 
the other living things that surround them. It can easily be 
observed that seedlings grow towards the light (Fig. 188) and 


to twist round so 
that the light falls on them at 
right angles ; such movements 
of the plant in response to light 
are called tropisms. When a 
seed begins to develop, it is the 
effect of gravity which makes 
the shoot grow upwards and 
the root downwards. Animals 
also are extremely sensitive to 
the influence of gravity, and it 
is only by delicate adjustment 
of their muscles that they are 
able to balance themselves ; 
everyone knows how easy it 
is for a human being to feel 
giddy, when looking down from 
a height. The animals, with 
their complicated nervous sys- 
tem, are more sensitive to th 




Fto. J 88. Mustard Seedlings 

GROWN OVER WATER AND ILLUMI- 
NATED CHIEFLY ON ONE SIDE, BEND 
OVER TOWARDS THE LlGHT. 

ir environment than the lower 


organisms, for they respond to stimuli of touch, sound, taste 
and smell as well as those of heat and light. 

Heredity and evolution* In many of the rocks of the earth’s 
crust, there can be found fossilised remains of plants and 
animals that existed many thousands of years ago. A study 
of these has led to the belief that living organisms existing now 
are all descended from earlier forms, although, in the course 
of time, these forms have gradually varied from their original 
nature. For example, Fig. 189 shows how the horse in many 
generations has developed a foot particularly adapted to speed 
in running ; the original five-toed horse was a little animal about 
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Fig. 181). Thu Evoli tkvv or ttte Horse’s Foot. 


one foot high, and during thousands of years the modern type 
of horse has gradually developed. It is generally thought that 
all the complicated types of liv ing matter existiiig*to-day t have, 
in the course of millions of yeais, developed from the simplest 
of organisms ; this extraordinary progress of life is known as 
evolution. In man hipriself is found the most advanced, pro- 
duct of evolution, a highly developed Jiving organism with 
qualities of mind and spirit which lift him above the other 
animals. 

It is by the variations in successive generations of living 
matter that evolution has taken place, hut although scientists 
have made detailed study of some of the variations that have 
occurred, very little is known of the ransi of variation. Charles 
Darwin (1800 1882) made a great study of evolution in plants 
and animats, and his book The Origin of Species, published in 
1859, gave a tremendous impetus to scientific thought. Dar- 
win suggested that certain types of plants and animals tended to 
prosper and survive because, in the struggle for life, they could 
make the best use of their environment. Thus there was a 



EVOLUTION 


259 


“ survival of the fittest ”, the “ fittest ” being those which 
could make the most of their environment, and most readily 
adapt themselves to any changes in it. 

Although the fact of variation or evolution is generally 
accepted nowadays, there has been much criticism of Darwin's 
explanation. The characteristics of any living organism de 
pends not only on its environment, but also on heredity, that 
is, on its resemblance to its parents. No offspring are precisely 
like their parents, and variations occur in each successive 
generation. The Moravian monk Gregor Mendel (1822-1884) 
investigated the way in which characteristics and tendencies 
are inherited, and the principles of inheritance which he has 
discovered arc of great value to science. 

Opinions may differ as to tire cause of the variations in living 
matter, but it is certain that evolution takes place and that such 
variations do occur. It seems that heredity plays an important 
part in determining the nature of the offspring produced and 
environment influences their chances of survival. 
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FLOWERING PLANTS 

General structure of flowering plants. Much of the beauty of 
the countryside is due to the many varieties of flowering plants 
occurring there. Plants of this type are all similar in structure, 
although they may show considerable differences of size, shape, 
and colour. Thus they all have four parts, (1) the root, (2) the 
stem, (3) the leaves , and (4) the flowers (Fig. 190). Each of 
these parts or organs of the plant has its definite work to do. 
The root must absorb water and dissolved substances from the 
soil ; the stem must conduct water and supplies of food to the 
rest of the plant ; the leaves must serve for nutrftion and re- 
spiration ; and the flowers must cause reproduction by pro- 
ducing seeds from which new plants can be grown. 

The structure of a seed. It was seen in the previous chapter 
that for reproduction to take place in a flowering plant, the 
ovum must be fertilised by sperm produced by the pollen. 
The fertilised ovum (zygote) with its surrounding food supply 
is a seed, and this, if given suitable conditions of air, water and 
warmth, can germinate, that is, begin to develop into a plant. 

Exft. 91. Examination of (a) a bean, (b) a wheat grain. 

Notice that these arc hard, dry and wrinkled. Put them to soak in 
water for a day, and then examine them again. Observe that they 
have swollen and become softer, while the wrinkles have disappeared. 

(a) Notice the black mark on the bean, which is the scar of where 
it was broken from the pod. Squeeze the seed, and a drop of water 
w ill ooze out of a tiny hole ealled the micropyle at one end of the scar. 
With a penknife, carefully remove the outer coating of the seed ; 
this is called the seed-coat or testa. Inside will be found two white 
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Fn;. 101 . Tin: Seed ok tut; Broad Bean. 


kidney-shaped portions. Notice these are joined together in one 
place, and open them out gently like the leaves of a book (Fig. 191). 
The embryonic plant can now be seen. Notice the little root (or 
radicle), which points towards the micropylc and the young shoot (or 
plumule). The t wo large white pieces are seed-leaves (or cotyledons), 

S and in the bean, these serve as a food 
supply for the embryo. 

(h) Remove the testa of the wheat 
grain and notice a small bulge at one 
end ; this is Die embrfo. Carefully 
loosen it from the rest of the grain, 
and notice it is only a small part of 
the whole. The larger part of the 
grain consists of a white starchy part 


called the endosperm (Fig. 192) 


&tem II serves as a food supply for the embryo. 

Test both the wheat endosperm and 
the bean cotyledons with a solution 
yStSwr of iodine to show that they are chiefly 

mad e of starch . 

Fig. 102. Grain ok Wheat The embryonic plant always has a 
CUT ALONG ITS length to snow young shoot, the plumule and a young 

the Store oi- *ood (Bn do- roo f, the radicle. Usually, as in wheat, 
sperm) outside the Noting . , . ‘ L • ! 

Plant. (Magnified) maize and cast or on seeds, there is a part 

of the seed, the endosperm, which pro- 
vides food for the embryo. In the case of the bean, however, there is 
no endosperm and food is stored in two modified leaves, called coty- 
ledons. The apple and the pea are other seeds which have no endo- 
sperm. A hard coat, the testa, surrounds the seed and protects it. 
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Germination of a seed* For a seed to begin to grow it needs 
(1) warmth, (2) water, (3) air. Thus it often lies dormant 
during the cold winter months, and only begins to sprout when 
the first warm days of spring arrive. The stages in the early 
life of the seed, from the time it begins to grow until the first 
foliage leaf appears, can be called ito germination. 

When the temperature of the soil is sufficiently above freez- 
ing point, the seed may Ire ready to develop. Water from the 
soil is absorbed by the seed, and when a good supply of 
water has been absorbed, the'- food reserves in the endo- 
sperm or cotyledons become available for the embryo, and cells 
form in the radicle and plumule. Then the radicle forces its 
way out through the micropylc, and grows downward to form 
a root. As this gets bigger, the break in the testa becomes 
sufficient for the plumule to find its way out and grow upwards. 
Such an active process requires energy and this is supplied by 
the respiration of the foods stored in the seed ; Expt. 90 
showed that germinat ing seeds respire. The oxygen required 
for respiration is obtained from the air of the soil ; it is 
usually advisable, therefore, to sow seeds in light soil, where 
there is plenty of air between the particles. 

ExrT. 92. The growth of seedlings from bean, castor oil, 
wheat and mustard seeds. Obtain four wooden boxes and put 
damp sawdust in them to a. depth of a few inches. Plan! the beans 
2 -inch below the surfa.ee md about an inch apart. Scatter the 
smaller seeds thinly and give them a light covering of sawdust. 
Leave the boxes in a warm place, keeping them covered with glass 
until the seedlings appear so that. th surface does not dry up. Make 
drawings of the seeds at intervals afovr the radicle has first appeared 
and so record the various stages of germination. Notice particularly 
any differences in the various kinds of seedlings, as, for example, the 
difference in behaviour of the cotyledons of the bean and the castor 
oil seeds. 

Small seeds germinate more quickly than large, and mustard seeds 
generally do so a day after they are sown. Fig. 193 shows some 
stages in the germination of a bean. In this case, the cotyledons 
remain below the surface of the ground in order to supply the 
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Fig. 193. G rumination or Bjioad Bean. 


embryo with food. The castor oil embryo, on the othefchand, has an 
endosperm from which it can obtain food supplies, so that its coty- 
ledons are not required for this purpose ; they are, therefore, pulled 
above the soil with the young shoots, and become green as they 
develop chlorophyll in tifie light. In this way they grow to form the 
j first foliage leaves, and are different from the normal ones. The first 
foliage leaves of the bean, however, are formed above the soil, and 
do not differ from later ones. 

Once the root has become established in the soil, and the shoot has 
developed some foliage leaves, the plant can obtain water and 
nutrition by means of its root-hairs and leaves as described in the 
previous chapter. The seedling then no longer needs to obtain its 
food supplies from the seed itself, and the latter rots away. 

The roots* From the radicle of the seedling the roots of the 
plant develop. Their two chief uses are (1) to anchor the plant 
firmly in the soil, so that it is not easily disturbed by the wind 
or animals, and (2) to provide the plant with water and dis- 
solved substances from the soil. If the root consists of a 
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main portion, which has developed 
from the radicle with branches grow- 
ing off it, it is called a tap root ; 
the wallflower has a root of this 
kind. Sometimes such a root swells 
and food is stored in it ; thus vege- 
tables like the beet, the carrot, and 
the parsnip are all swollen tap roots 
in which sugar or starch substances 
have accumulated (Fig. 199). 

A different type of root is to be 
formed in plants in which the radicle 
has ceased to grow and has withered, 
its place being taken by numerous 
fine roots growing from the base 
of the stem ; this is a fibrous root. 
Fig. 194 shows the fibrous root of 
a wheat plant. 

In addition to main roots like the 
tap root or the fibrous root, a plant 
may grow extra roots which do not 
spring from the radicle, but from 
the stem or leaves ; these are called 
adventitious roots. Thus the ivy plant 
develops these roots on its stem to 
assist it in climbing (Fig. 195), the 
strawberry plant develops adventi- 
tious roots and tufts of leaves on 
the runners which lie along the 
ground, and these sometimes form 
new plants. When new flowering 
plants are formed by some other 
means than by seeds, vegetative repro- 
duction is said to take place. Another 
example of this kind of reproduction 



Fig. 194. Tub Fibrous Root 
of a Wheat Plant. 

j.g.s. 
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Fig. 195 . Ivy Climbing a Wall by means of Adventitious Roots. 

{Photo : Henry Irving.) 

is the method by wMbh gardeners grow roses, geraniums and 
other garden flowers from k< cuttings ” ; adventitious roots de- 
velop from the ends of the stems placed in the soil. Sometimes 
plants store foodstuffs in their adventitious roots ; thus the 
dahlia (Fig. 1 96) and the celandine have fleshy roots called root- 
tubers in which food is stored for the winter. Root-tubers are of 
great use for spreading plants by vegetative reproduction, as 
new plants can be formed from each tuber. 

In Expt. 88 the root hairs of mustard seeds were observed, 
and the w r ay in which they absorb w 7 ater and dissolved sub- 
stances from the soil has been described in the previous chapter. 
The root hairs grow a short distance above the tip of the root, 
and at the tip itself is a darker part called the root-cap ; it is 
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] 96. Hoot Tubers 

OK 1 ) YULIA. 

(After Figuier) 


this part of the root which is continually growing, and tjhe 
pointed end helps it to force its way forward through the 
soil. As the root gets longer, the older 
root hairs die, and new ones form close 
to the tip. 

The stem* When the seed germinates, 
the radicle grows downwards and de- 
velops into a root , while the plumule grows 
upwards and develops into a shoot. The 
essential difference between a root and 
a stem is that the latter bears buds. 

Thus the young shoot consists of a 
main stem with a terminal bud ; if this 
is a leaf bud, it opens out and the 
growth of the main stem continues ; Fic 
if it contains a flower, growth in the 
direction of the main stem ceases once 
the flower has opened. Leaves grow from the stem at points 
called, nodes, and generally more buds are borne in the angle 

(called the axil) between 
the leaf and the stem; these 
are called axillary buds and 
if they are leaf ones, they 
gi'ow out to form branch 
stems. In this wav all the 
foliage of the plant gradu- 
ally develops, and it is the 
chief function of the stem 
to bear this foliage. 

Some stems contain chlo- 
rophyll and are green; they 
then possess a certain num- 
ber of stomata like leaves 
do. Older stems which last two or more years are woody, and are 
covered with a layer of cork called bark. Each year new wood 



Fia. 197. Sf.ction of Larch Stem show- 
ing Yearly Rings of Wood. 
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is added and the difference in its texture makes it possible to 
see the successive yearly layers ; thus the age of a tree can be 
calculated by counting the rings across its cut trunk (Fig. 197). 

In some cases, a stem may have other uses than that of sup- 
porting leaves and flowers. It may be used for climbing as, for 

example, in the convolvulus, the 
scarlet runner, and the honey- 
suckle 1 - such plants twist their less 
robust stems round the stouter 
ones of other plants to raise them- 
selves. Plants like the white 
bryony (Fig. 198) and the Virginia 
creeper develop tendrils from their 
stems to assist them to climb, while 
the ivy achieves this effect by its 
adventitious roots. 

Sometimes stems grow under- 
ground and are called rhizomes ; 
they are distinguishable , from 
roots because they bear buds. 
Often an underground stem be- 
comes swollen, because the plant 
uses it for storing food, gener- 
ally in the form of starch. A 
common example of this is the 
potato plant (Fig. 200) ; it pos- 
sesses underground branch stems 
which swell at the ends to form 

Fig. 108. The Stem Tendrils tubers or potatoes ; the “ eyes ” of 
of White Bryony. . . „ , ~ x , 

the potatoes are really leaf-buds 

in the axils of scale leaves, and from them shoots can sprout 

and produce adventitious roots at their bases to form new 

plants. Corms and bulbs also consist of underground shoots 

in which food is stored. If a crocus corm is cut through (Fig. 

199), it can be seen to consist of a short rounded stem with 
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Fia. 199. Examples of Underground Food-storage by Plants. 
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oije or two buds at the top, which will sprout in the spring 
to form new leaves and flowers, the food for their growth 



being provided by the starch 
of the corm. In a bulb (Fig. 
109) there is a short flattened 
stem at the bottom, and from 
this there spring fleshy leaves 
which contain a store of food 
and bear flower buds. The diff- 
erence between a corm and a 
bulb is that the former stores 
food in a swollen stem, while 
the latter uses its leaves for the 
purpose. 

The leaves* Leaves are at- 


Fig. 200. A Potato Plant, 

SHOWING HOW Tiri'I VOUNG POTA- 
TOES, or Stem Tu hicks, arise. 


tached to the stem at nodes ; the 
part of the stem between them 
is called an internode and there 


are no appendages to the stem at such places. •Generally a 
leaf-stalk connects the leaf to the stem, although in certain bulb 
plants, like the daffodil and the tulip, there are no leaf-stalks 
present. The broad jflat part of the leaf is the blade, and 
throughout the blade there is a delicate network of veins which 
serve as channels for conducting water to, and food from, the 
leaf. Leaf skeletons of decayed leaves can often be found in 
woods, and these show the delicate tracery of the veining of a 
leaf very clearly. Generally, the veins branch out from a 
central main one, but in long narrow leaves like those of the 
iris and daffodil the veins are parallel. Fig. 201 shows a variety 
of different kinds of leaves. A leaf consisting of one leaf blade 
like the elm is a simple leaf, while one made up of several leaflets 
like the horse-chestnut is a compound one. Most British trees 
shed their leaves in the autumn and develop new ones in the 
spring ; these are deciduous trees. Others which retain their 
foliage during the winter months are said to be evergreen. 
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It has already been seen that leaves are of vital importance 
to the plant for transpiration, nutrition and respiration, and 
they often are adapted to assist these processes. A tree like 
the Scots pine, for example, which grows in places exposed to 
the sun and wind, has needle-shaped leaves, so that transpira- 
tion is not excessive (Fig. 201), and most leaves are in such 
a position on the plant that they receive as much light as 
possible. 

The flower* The flower is the reproductive organ of the 
plant, for it is in the flower that the seeds develop from which 
new plants can be grown. It is true that new plants can readily 
be obtained from tubers, bulbs, runners and cuttings, but this 
method of vegetative reproduction results in a deterioration of 
the stock after a few generations. For example, potato growers 
find it necessary to start new stocks of certain kinds of potatoes 
from seed occasionally instead of from tubers ; otherwise a 
particular type of potato does not maintain its standard. 

To understand the structure of a flower, it is essential to take 
a number of different flowers and examine them earefu\ly. If 
the flower is cut down longitudinally through the centre with 
a sharp knife, the various parts of it can be seen more clearly. 
Most complete flowers ponsist of four whorls or groups of organs ; 
these are borne on a swollen structure at the end of the stem 
called the receptacle. 

The buttercup* A common flower to be found everywhere 
in the countryside is the buttercup. The plant has a bitter 
juice, so that the flowers often remain untouched by animals, 
when daisies and clover have been nibbled away. 

On examining the buttercup (Fig. 202), the outermost whorl, 
the calyx, is seen to consist of five small green leaves called 
sepals ; these enclose the base of the flower and protect the 
more delicate inner organs. Within the calyx is the corolla ; 
this is made up of about five yellow petals. If a petal is removed 
and examined carefully, a little pocket called a nectary can be 
seen at its base ; this contains nectar, a sweet honey liquid 
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HALF OF FLOWER 


Fkj. 202 . Flower of Buttercup. 

# 

much sought after by insects. The calyx and the corolla 
together are known as the perianth. 

Inside the perianth are a large number of stamens. Each 
stamen consists of a filament with a yellow swelling, the anther, 
at the top. On the anther there is a yellow dust of tiny particles 
called pollen grains. Often when walking through a field of 
buttercups, the shoes get covered with this yellow dust. 

In the centre of the flower are a number of rounded objects, 
the carpels, with spikes at the top called stigmas. In many 
flowers the carpels are all in one piece and it is then called 
the pistil. The lower part of the carpel forms the ovary, a little 
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bgg-like structure in which the ovule develops into the seed, 
after it has been fertilised. The part of the carpel between the 
ovary and the stigma is called the style (Fig. 202). 

The essential parts of the flower for reproductive purposes 
are the stamen s and the carpels , for the former bear the pollen 
containing the male cells, while the latter contain the female 
cells of the ovules, and protect the seed formed after fertili- 
sation. From what has already berm said about reproduction, 
it is obvious that new seeds can only be formed if the male and 
female cells unite, that is, if the male gametes reach the ovules. 
The way in which this occurs is by pollen grains falling on the 
stigma. They do not then themselves travel down the carpel 
to the ovary, but instead they produce a delicate tube which 
grows down the style into the ovary, and the active male 
gametes pass down this pollen tube and fuse with the female 
cells of the ovules ; the latter are then fertilised, and each ovule 
develops into a seed. 

Pollination* The process by which the pollen passes from 
the stamens to the stigma is called pollination. IiT the case of 
hermaphrodite flowers (that is, flowers which are both male and 
female) the stigma may receive pollen from the same flower ; 
this is known as self-pctflination, The method is not a good one, 
for in many cases it results in weak and unhealthy seeds ; 
many flowers prevent it happening by their stamens ripening 
before the pistil, so that, even if' pollen does fall on the stigma 
of the same flower, fertilisation does not occur because the 
ovules are not ready for it. 

Better seeds and finer plants are more often obtained by 
cross-pollination, that is, by the method of the pollen from one 
flower reaching the stigma of another flower of the same kind. 
For this to take place, the pollen may be blow r n by the wind, 
or it may be conveyed by insects like bees, wasps, butterflies, 
moths, flies and beetles. These insects visit flowers in order to 
obtain the sweet-tasting nectar ; the pollen is then dusted off 
on to their backs or legs, and they carry it to the next flower 
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they visit, where it gets rubbed off on to the stigma. Flowers 
depending on insects for cross-pollination develop all kinds of 
ingenious devices for attracting them, and generally they make 
themselves conspicuous by their scent or their bright colour. 
The tobacco plant, for example, which relies on moths for 
pollination, emits a pleasant smell at night, when moths are 
most likely to be Hying about. Often the arrangement of the 
stamens and carpels help to ensure pollination ; a difference in 
the stamens of the wallflower illustrates this. 

The wallflower* When a wallflower is examined, the six 
stamens are seen to be of different lengths, there being four long 
ones and two short ones (Fig. 203 (i)). The nectaries, instead 
of being at the base of the petals as in the buttercup, are at the 
base of the two shorter stamens. When, therefore, a bee 
pushes its tongue down to reach the honey, its back gets dusted 
with pollen from the longer stamens and it carries this to the 
next flower it visits. 

It should also be noted that when a section is cut through the 
wallflower, a number of ovules can be counted in the ovary 



(n) Vertical Section ttirouuii Flower ok Wallflower 
( enlargoci). (After Oliver ) 
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(Fig. 203 (ii)), whereas in the buttercup, the ovary of each 
carpel contains one ovule only. 

Other flowers* A study of the buttercup and wallflower 
shows differences in the structure of their four different 
parts, the calyx, the corolla, the stamens and the carpels. 
Other flowers like the wild rose, the daffodil, and the cherry 
should also be examined. In all cases enlarged drawings of 
the various parts, like those shown in Figs. 202 and 203, should 
be made. 



A B c 

Fig. 204 . Fruits with Bird -dispersed Seeds. 

A. Cherry. B. Rose. C. Strawberry. 

/ 

Fruits and seeds. After fertilisation, the petals, stamens, 
style and stigma of the flower die, while the walls of the ovary 
grow with the seed and develop into a fruit. The fruit should 
not be confused with the seeds ; it is the structure and the seeds 
which it contains. Thus it may be a pod, as in the case of the pea 
and bean, or it may be a fleshy fruit like the plum and the cherry. 
The walls of the fruit serve to protect the seeds while they are 
developing, and it helps them to become dispersed when they 
are ripe. An interesting fruit is that of the strawberry. The 
actual fruit is the small grain, of which there are many, borne 
on the swollen, red, succulent portion. The so-called strawberry 
“ fruit ” is actually the swollen receptacle bearing many small 
real fruits. 
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One method of seed dispersal is the scattering of seeds by 
birds and animals. Ripe fruits like the raspberry, the cherry 
and the plum are conspicuous in colour ; 
they are also sweet and juicy. These 
characteristics make them attractive to 
birds and animals, so they get carried 
off and eaten, while the dropped seeds 
get scattered far and wide (Fig. 204). 

Other fruits are dispersed by animals 
because they develop hooks which get 
entangled in the feathers or hair of the 
animals ; in this way the seeds get 
transported to a new place. 

Another method of seed dispersal is by 
the means of the wind. The “ clock ” 
of the dandelion (Fig. 205) is specially Fig. 205 . “ Clock ” of 
adapted for this purpose ; each little tuft Dandelion Pruits. 

of white hairs blown off by the wind car- 
ries a seed at the bottom. Fruits of trees, like the sycamore 
(Fig. 206), the ash and the elm, have winged fruits, which travel 

4 some distance with the wind before 

they drop to earth. 

Some fruits disperse their seeds in 
^ an explosive kind of w r ay. * The pods 

jA of gorse seeds curl up and burst with 

1/ "* a sharp crack, shooting out their 

seeds on to the surrounding soil. 
Flo. 200 . Winged Sycamore Violets and pansies shoot out their 
Fruits. ( x|) seeds in a similar kind of way. 

Many of the seeds produced by a flower do not encounter 
suitable conditions for them to germinate and develop into new 
plants, but those that do, carry on the race of the flowering 

plant. 


Fig. 200 . Winged Sycamore 
Fruits. ( x |) 



CHAPTER XIX 


FLOWERLESS PLANTS 

* Development of plant life* Although flowering plants seem 
to be more familiar to us than flowerless ones, they are actually 
less numerous. The majority of the plants growing on the 
surface of the earth do not produce flowers, and it is only the 
more highly developed forms of plant life that bear flowers and 
reproduce themselves by means of seeds. In the process of 
evolution, there seems to have been a gradual transition from 
plants of a simple structure to ones that are more complex ; 
there is, moreover, reason to believe that all types of life — both 
plant and animal -began as very simple organisms existing in 
the sea and inland lakes. After millions of years, these organ- 
isms became more complex and invaded the land. We should 
expect, therefore, thatythe more primitive types of plants would 
grow in water, and the most simple flowerless plants, like 
green scum and the various kinds of sea-weeds, are all to be 
found in watery places. 

Types of flowerless plants* There are three main groups of 
flowerless plants, the Thallophyta, the Bryophyta and the Pteri- 
dophyta. All of them have other means of reproducing them- 
selves than by seeds ; it was seen in Chapter XVIII that 
flowers are necessary for the production of seeds. 

The Thallophyta are plants with a comparatively simple struc- 
ture. To this group belong the algae, like Spirogyra and sea-weed, 
the fungi, like mushrooms, moulds and yeast, and the bacteria. An 
important difference between the algae and the other two types 
is that algae are green plants and possess chlorophyll ; they 
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can therefore use the energy of the sunlight to build up their 
supplies of food (photosynthesis) in a similar way to the green 
plants already described. Fungi and bacteria are destitute of 
chlorophyll and are often colourless ; they depend for their 
food on other plants, or even on animals, dead or alive. 

To the Bryophyta group belong the various kinds of mosses 
and liverworts ; they are green plants generally to be found in 
damp places and in fresh water. Their structure is more com- 
plicated than that of the Thallophyta, and the mosses have a 
definite stem and leaf structure. 

The most highly developed group of fiowerless plants are 
the Pteridophyta ; their structure is sufficiently complicated 
for them to be akin to flowering plants except, of course, that 
they do not bear flowers. The different kinds of ferns all belong 
to this group. 

Fig. 207 shows examples of flowerless plants, belonging to 
each of these three groups. 

Protococcus* One of the simplest of the plants belonging 
to th<j Thallophyta group is Protococcv. s*. a green powdery 
growth to be seen everywhere on tree trunks and on palings. 
It requires a good supply of water, so it generally grows on the 
damper side of a tree trunk, that is, the windward side, where 
the wind and rain beat on the tree. Millions of this tiny plant 
make up the green crust that is visible, for each one 'consists of 
a single protoplasmic cell bout 2 ^ o of an inch in diameter. Jn 
spite of its smallness, Prolococnis feeds, like other green plants, 
on rainwater and the carbon dioxide it absorbs from the atmo- 
sphere, as well as on mineral matter in the dust around it. 
Nourished in this way, it grows to its full size and then repro- 
duces itself in the simplest possible way — by the method of 
fission described in Chapter XVII. Thus each cell divides and 
is converted into two, until ultimately millions of plants have 
developed from one parent. 

Spirogyra* Another simple plant in the algae group is found 
as a green scum on the surface of ponds. Most of the scum that 
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can be seen consists of green thread-like filaments of Spirogyra, 
When highly magnified (Fig. 208) each filament appears 'as 
spiral coils of green matter ; these are chloroplasts, that is, tiny 
protoplasmic bodies containing chlorophyll. Thus the plant 
has a bright green colour and feeds like other green plants, 
except that it has no stomata and exchanges gases with the air 
and water outside directly from the protoplasm through its 
cell walls. The protoplasm lining the cell walls is called the 
cytoplasm, and within this is a vacuole or cavity containing 
cell -sap. Close to the cytoplasm is the nucleus of the cell. 


xtll-wall 



LJfB 


Fit;. -08. Spirogyra, a Thaixophyte. 

( x 110) 

Nearly all plant and animal cells contain a nucleus ; it is 
generally situated in the centre of the cell and governs all 
processes which take place in it. When new cells arc formed 
the nucleus divides into two, and half the protoplasm goes 
with each part, while new cell v ails grow round each of the 
new cells. 1 

Spirogyra reproduces dself in a more developed way than 
Protococcus does, by a simple kind of sexual reproduction. The 
gametes of two plants may be exactly similar, but the more 
active gametes which move can be called male ones, and those 
wdiich aw^ait them, female ones. By their fusion, zygotes are 
formed. For reproduction to take place, two Spirogyra plants 
arrange themselves with their filaments parallel and tubes 
develop connecting the cells of one filament with the cells of the 
other filament. A gamete formed by a cell of one filament 
wriggles along the completed connecting tube and fuses with 
the gamete in a cell of the plant at the other end of the tube. 


T 


J.G.S. 
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The zygote so formed then escapes and can then grow into a 
new Spirogyra plant. 

Sea-weed. A familiar sight on the seashore is sea-weed ; 
some kinds are green, some brown and some red. Green sea- 
weed generally grows in very shallow water, and is often left 
exposed on rocks. Brown sea-weed is a very common variety, 
which also grows in shallow water, and is left uncovered when 
the tide goes down. Red sea-weed is less familiar as it generally 
grows in quite deep water. In spite of these differences of 
colour, all these sea- weeds contain chlorophyll and are nour- 
ished like green plants, but in the case of the brown and red 
varieties the green colouring is partly obscured by the brown or 
red colouring matter present. Often little floats containing 
air grow on the plant ; these help to keep it near the surface of 
the water, where there is plenty of the light and air it requires 
to build up its food supply. 

Although a typical sea-weed like sea- wrack (Fig. 200) seems to 
have something like a root, stem and leaf structure, actually it 



Fig. 209. The Sea Wrack a 


has none of these organs, because 
its various parts are of different de- 
velopment and structure. Its broad 
leaf-like part is called the thallus ; 
this is flattened and branched and 
has a thickened rib down the middle. 
The lower end of this rib is more 
like a stem, and at the base of it is 
a disc by means of which the plant 
attaches itself to rocks. At the 
ends of the branches of the thallus 
little yellow spots can be seen. 
These spots mark the openings of 


Thallophyte. (After Thomp- 
son.) (i 1 * natural size) 


little pockets in which male and 
female gametes are formed. At the 


right stage in their development, the sea-weed sheds the 


gametes into the sea, and it is there that fertilisation takes 
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place. The smaller and more active male gametes surround a 
larger female one, and one of them fuses with it, so that a 
zygote is formed. 

Fungi. Fig. 210 shows some of the familiar flowerless plants 
that are classed as fungi. They are essentially different from 
the algae in that they possess no chlorophyll, and can live 
equally well in the dark or in the light. They nourish them- 
selves, not by photosynthesis, but by living on other plants, 
living or dead, or on animals. The potato blight, for example, 
feeds on the living potato and causes disease ; the pin-mould 
grows on decaying plant material such as damp bread. A 
larger type of fungus than the various moulds are plants like 
mushrooms and truffles, which are useful to man for food. 
Truffles are a delicacy better known on the Continent than in 
this country ; they grow beneath the ground, and pigs are used 
to locate them by smell. A great many fungi are extremely 
poisonous ; toadstools are of this type, and unfortunate acci- 
dents sometimes occur through people confusing them with 
mushrooms. 

The mushroom. Mushrooms can be found growing in the 
fields after damp weather in the summer and the autumn ; they 
grow so rapidly that often they spring up in a night. The best 
soil for them is that which is rich in the decaying remains of 
plants and animals. They obtain nutrition from these sub- 
stances by a network of 'ine threads beneath the ground (the 
vegetative part in Fig. 210). These hyphae, as they are called, 
continue more closely packed together into the stem and cap. 

The edible part of the mushroom is the plant’s means of 
reproduction. On the undersurface of the cap are a number 
of radiating dark brown plates or gills, and when the mush- 
room head is placed gills downwards on a sheet of paper, 
brown markings are produced. These markings consist of tiny 
brown specks called spores ; from them new mushroom plants 
can be grown. Spores are formed by asexual reproduction as 
defined in Chapter XVII. They are single cells capable of 
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developing into a new plant, and are not of the same nature 
as seeds ; the latter may consist of thousands of cells, and are 
always formed by sexual reproduction. The pin-mould and 
many other fungi reproduce themselves in a similar way by 
spores ; but the pin-mould and other fungi have a sexual 
method of reproduction also. 

Bacteria* Somewhat similar to fungi, are the extremely 
minute single-celled plants known as bacteria* They are so very 
small that they are not visible with 
the naked eye, many of them being 
little more than x~ooo °f a milli- 
metre in length. Fig. 211 shows 
various kinds of bacteria magnified 
1500 times. They can be seen to 
be of different shapes ; the spheri- 
cal ones are called cocci ; the ones 
like short rods, bacilli* and the spir- 
ally twisted ones, spirilla. The first 
two types are the more common ; 
for example, pneumococci are the 
bacteria causing pneumonia, and 
the diphtheria bacilli cause diph- 
theria. Often bacteria have one or Fia - | ' P , 1 rf 0 ^ F Bacteria * 
more slender protoplasmic threads 

projecting from them (I\g. 211) and they use these flagella to 
swim about in liquids like blood or the saliva. Since they 
possess no chlorophyll, they reb for nutrition on plants and 
animals, either living or dead. Numerous bacteria feed on 
animals products, like milk and meat, on plants and decaying 
matter in the soil, and many live in the human body in the 
saliva and the intestines 

All bacteria are not harmful and some are definitely useful, 
as, for example, the nitrifying ard denitrifying bacteria of the 
soil mentioned in Chapter XVI. Other useful varieties are 
those which are active in butter-making and cheese-making, 
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and in the purification of sewage at sewage works. The air 
always contains many bacteria, and some of these are the 
harmful ones, causing disease ; this fact was discussed in 
Chapter V. Certain diseases like typhoid, cholera and tuber- 
culosis are caused by drinking polluted water or milk, in which 
harmful bacteria are present, but the majority of diseases are 
due to the bacteria present in air, soil, and in the blood of the 
infected person. It has already been seen that bacteria repro- 
duce themselves by fission, so that they multiply at a tremen- 
dous rate. Those causing disease, therefore, flourish and in- 
crease once they have entered the blood, because they find in it 
ideal conditions of warmth, darkness and a good supply of food. 
The waste products formed by bacteria are called toxins, and 
when bacteria are multiplying in the human body, the presence 
of toxins soon causes a rise of temperature and makes a 
patient ill. The way in which the body combats such infection 
will be described in Chapter XXII; the value of antisep- 
tics and disinfectants has already been discussed in Chapter 
XVI. 

The Bryophyta* All the flowerless plants so far considered 
belong to the Thallophyta group. The plants of this group 
arc simple in structure and possess only a thallus, that is, 
a body not divided into root, stem and leaves. The next group, 
the Bryophyta, consists of more highly developed plants, the 
mosses and the liverworts ; the mosses have a definite stem and 
leaf structure, and the liverworts, although consisting of merely 
a thallus, reproduce themselves like the mosses, by a method of 
both sexual and asexual reproduction. 

Mosses, A moss like the common moss (Fig. 207) has a stalk 
and leaves, and strands called rhizoids growing at the lower end 
of its stalk. The word rhizoid means “ like a root ; the 
strands are not considered to be true roots, because they differ 
from them in certain important respects, although much of the 
work they do is the same. Thus a moss uses its rhizoids to fix 
itself in the soil, and to absorb water and mineral salts from it. 
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In addition, it obtains nutrition from the air like other grgen 
plants. 

Reproduction takes place by alternate sexual and asexual 
processes. Tiny structures in the leaves produce both male and 
female gametes, but fertilisation can only take place under 
water. When, therefore, there has been a heavy fall of rain or 
dew, the spermatozoids (or male gametes) swim through the 
moisture to the eggs (or female gametes) and fertilise them. 
The zygote so formed does not develop into a new plant, but 
into a spore-producing organ. A long stalk shoots up, bearing 
a capsule at its end, and when the capsule ripens, it produces 
tiny brown spores. On a dry day, a capsule opens, and the 
spores fall to the ground. If the soil is suitable, new moss 
plants may then grow from the spores. In this way, repro- 
duction is achieved by gametes being produced alternately with 
spores. 

Liverworts* Liverworts get their name from their shape, and 
because they used to be considered a remedy for ailments of the 
liver. ^ They always gro^jn ditches and damp places, and some- 
times they are to be found growing actually under the water. 
A typical liverwort like Pellia (Fig. 207) consists of a flattened 
green thallus with a thickening to form the mid-rib ; whitish 
rhizoids grow from the undersurface of the thallus and serve 
the same purpose as those of the moss plant. 

4 Its method of reproduction is similar to that of the moss 
plant. Sperms are produced in special organs near the mid-rib 
on the upper surface of the thallus, and eggs in certain organs 
near the points of branches of the thallus. Again rain-water 
or dew is necessary for fertilisation ; when the thallus is covered 
with moisture, the spermatozoids swim to the organs containing 
the eggs. The zygote formed develops into a spore-producing 
organ, consisting generally of a white stalk, bearing a black 
capsule at its end. Spores are formed in the capsule and when 
they are ripe it splits, and they are ejected. Their escape is 
assisted by the action of certain cell elements called elaters ; 
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the latter vary in shape with the moistness of the surrounding 
air, and in dry weather help to eject the spores. From the 
spores new liverwort plants are formed. 

In the case of both the moss and the liverwort, the zygote 
really develops into a different kind of plant consisting of a 
stalk and capsule. This can be described as being parasitic on 
the original plant. Thus in the life-history of the moss and the 
liverwort there is an alternation of generations of a gamete- 
producing plant and a spore-producing one. 

^ Ferns* The different kinds of ferns to be found everywhere 
belong to a third group, the Pteridophyta. The plants of this 
group are the most highly developed of the flowerless plants and 
resemble flowering ones, except that they never bear flowers. 
They have a definite root, stem and leaf structure, and different 
types vary considerably in size and appearance. Where the 
vegetation is tropical, ferns may grow as big as trees. Tn Fig. 
207, the club-moss (which is not a true moss), the horse-tail, 
and the fern all belong to this group. 

The common fern as shown in Fig. 207 has a massive rhizome 
with many adventitious roots growing from it. It was seen in 
Chapter XVIII that plants with rhizomes can be reproduced 
by vegetative reproduction and this frequently occurs with 
the fern plant. Its true method of reproduction, however, 
involves an f alternation of generations like that occurring in the 
mosses, with the important difference that the plant with which 
we are most familiar is the spore-producing one ; in the mosses 
the main plant is the one producing gametes. 

If the leaves of a fern are carefully examined, some will be 
found to have brown knobs on the back of them. These contain 
spores, which can be shaken off the leaves in the form of a 
brown dust. All the loaves of a fern are not of this type ; those 
which do not produce spores are used for the physiological 
processes of transpiration, respiration and nutrition only. In 
dry weather, the spores are ejected ; many die but those that 
survive germinate to produce organisms which bear gametes. 
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For germination, the spore requires plenty of moisture aijd 
shade ; under such conditions it develops into a tiny flat heart- 
shaped structure called a prothallus (Fig. 212). This little plant 
grows rhizoids and possesses chlorophyll, so that it can nourish 
itself in the usual way by ab- 
sorbing water, carbon dioxide, 
and mineral salts. Moreover, on 
its damp undersurface it produces 
sperm atozoids and eggs. These 
gametes, like those of other plants 
considered in this chapter, can only 
unite if water is present, so the best 
position for a prothallus is in a 
damp and shady place. When 
there is a film of moisture on the 
undersurface the sperm atozoid can 
swim to the egg and fuse with it. 

The zygote so formed develops into 
an ordinary fern (a sporophyte) and 
this, when mature, produces spores. 

In this manner, the cycle continues ; such an alternation of 
generations is an essential feature of the life of both ferns 
and mosses. 

At the beginning of this chapter, mention was made of the 
fact that all the earlier foims of plant and animal life seem to 
have appeared first in the water. This statement appears more 
true now that it has been realised that most of the less highly 
developed forms of plant life, the green flowerless plants, 
require wet conditions for the process of reproduction. 



Fig. 212. Ftukn Phottiaiaats. 

A. Prothallus seen from below ; 
an, main organs ; nr, female or- 
gans ; rh, hairs. B. Prothallus 
with young sporophyte attached 
to it : b , the first leaf ; w, the 
primary root. (About 5 times 
natural size) 



CHAPTER XX 


LIFE-HISTORY AND STRUCTURE OF AMOEBA, 
HYDRA, WORM AND INSECT 

Animal life* Much of our interest in our environment is 
due to the living animals we encounter ; there are such familiar 
creatures as bees, butterflies, birds, cats, dogs as well as the 
most highly developed animals of all — other human beings. 
All animals can be divided up according to their structure into 
two classes ; those which do not possess backbones are called 
invertebrates, and those which have backbones are known as 
vertebrates. Thus insects and worms are examples of inverte- 
brates, and birds, frogs, fishes, dogs and men of* vertebrates. 
The present chapter deals with the simpler forms of animal life, 
and these belong to the invertebrate class. Just as plant life 
began in the water a4d gradually evolved into more compli- 
cated and beautiful types like the various flowering plants, so 
animal life began under water with small specks of proto- 
plasmic material somewhat like the present-day amoeba. It 
is even probable that both plant and animal life originated 
from the same simple organisms, although these later diverged 
into the different types of living matter. With the process 
of evolution through millions of years, vertebrate animals 
followed invertebrate ones until finally man himself appeared, 
and showed his superiority over other animals by his unique 
qualities of mind and spirit. 

The amoeba. The amoeba is a tiny animal that lives in 
stagnant pools and in moist soil. Some of the larger ones are 
just visible with the naked eye as tiny white specks, but most 
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of them are only about 20^ of an inch in diameter, and it js 
necessary to study them under the microscope. Fig. 213 
shows the appearance of an amoeba 
when magnified 600 times. 

It can be seen to consist of an 
irregularly shaped mass of colour- 
less jelly-like protoplasm. A small 
rounded body rather darker than 
the rest is the nucleus. It was men- 
tioned in Chapter XIX that all cells 
have a nucleus, and the amoeba, 
consisting of a single protoplasmic 
cell, has the one central nucleus. 

The rest of the protoplasm sur- 
rounding the nucleus is called the cytoplasm ; this looks clear 
at the edges, and granular and less transparent towards the 
interior, in it there may be greenish and brownish specks, 
which are the tiny plants the animal has absorbed, and which 
it is digesting. 

Probably while the amoeba is being observed under the 
microscope its shape will be continually varying, and it may 
move out of the range of vision. This occurs because the little 
creature puts out bulges called pseudopodia or “ false feet 
By means of these it is able to crawl or flow in a certain direc- 
tion. The various pseudopodia are only temporary, and the 
bulges on one side may disappear, and others form in a different 
part of the cytoplasm, so that the amoeba may move in another 
direction. The pseudopodia are also used to surround and engulf 
the tiny plant organisms required for food. These are taken 
into the cytoplasm together with a drop of water and form a 
food- vacuole (Fig. 213 ). Thence the food is absorbed into the 
protoplasm by a digestive process, and any undigested remains 
are cast out and left behind when the amoeba Hows away from 
them. Thus the animal digests food without having any 
special organs for the purpose as the higher animals have. 



Fig. 213. An Amoetia.. 
( x 600) 
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Similarly it breathes — without having any giiis or lungs — by 
taking in oxygen all over its body. It obtains this from the 
water in which it lives, and, as is usual in respiration, gives out 
carbon dioxide. 

In addition to food vacuoles, another space, the contractile 
vacuole, may be observed. This consists of a drop of liquid 
which increases in size until it gets almost as big as the 
nucleus and finally collapses. It then starts again and grad- 
ually fills up until once more it has reached the size at which 
it collapses. The liquid in it is water containing waste pro- 
ducts, which are thrown out with the water when enough has 
accumulated. 

The amoeba, then, seems to have simple methods of nutri- 
tion, respiration and excretion. In addition it reproduces itself 
by the simplest possible method — that of fission. When it has 
absorbed sufficient food to grow to its maximum size, the 
nucleus begins to divide in two by becoming like a dumb-bell 
in shape. The cytoplasm then changes similarly and two 
amoebae separate out from the original one, each consisting of 
half the parent nucleus and half the parent cytoplasm. In this 
way it seems almost as if the amoeba is immortal, because 
although one individual disappears, the material of which it is 
made remains alive in its two descendants. 

The various kinds of cells which make up the tissues of 
living animals are all similar fundamentally to the single cell 
that forms the amoeba. 

The hydra* Another animal of simple structure that exists 
in fresh water is the hydra. It is given this name because, when 
cut up into pieces, eafch piece can grow into a complete hydra 
again, so that it is very like the animal Hercules had difficulty 
in killing. 

The hydra is a little brown or green animal, a quarter of an 
inch or less in length. Generally it is tubular in shape, but it can 
shorten and bend itself and, w hen disturbed, may contract until 
it is almost spherical (Pig. 214). It clings with its base to float- 
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ing duckweed or twigs in fresh-water pools, and feeds on thp 
tiny insects and plants living in the water round it. It captures 
these with its waving tentacles, and the latter w^aft this food into 
its interior through the mouth which is in the midst of them. 
The tentacles are also used by the hydra for swimming through 
the water, and for helping it to change its position on its 
support. 



LJF B 

Fig. 214. Different Shapes of a Hydra. 

This little animal can be seen with the naked eye, but a 
microscope is necessary for studying its structure. Fig. 215 
shows the appearance of a longitudinal section of a hydra magni- 
fied 30 times. The tubular body cm then be seen to consist of 
an outer layer of cells, the ectoderm, and an inner layer, the 
endoderm. Between the two is some gelatinous jnaterial, the 
mesogloea. Certain" of the ectoderm cells, particularly some of 
those on the tentacles, have a curious property of shooting out 
a poison thread when anything bumps against them. Thus a 
small insect like a water-flea may be stunned and poisoned 
when it blunders against such a cell, and the tentacles then waft 
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Fig. 215. Hyora. ( x 30) 


it in through the mouth of the hydra for it to be digested by 
the cells of the endoderm. The latter can put out tiny proto- 
plasmic threads called flagella winch move to and fro and cause 
a current of water to circulate through the inside of the hydra ; 
this moving water carries any undigested food back through the 
mouth again. Tlius the body of this animal is very simple in 
structure, and one aperture serves both for nutrition and ex- 
cretion. Respiration takes place, as in the amoeba, without 
any special respiratory organ. Oxygen dissolved in the pond 
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water is absorbed through the general surface ot the animal, 
and carbon dioxide is passed out in a similar way. * 

The hydra has two methods of reproduction, (1) by budding, 
(2) by sexual reproduction. The first method is generally used 
when the animal has an abundant food supply and is well 
nourished. Little knobs appear on the side (Figs. 214 and 215), 
and these grow until they have formed young hydra, which 
swim away and settle down somewhere else, or if a hydra is cut 
into pieces each piece may grow into a complete hydra. This 
type of asexual reproduction is very like the vegetative repro- 
duction of plants. When food is less abundant, the hydra may 
use a method of sexual reproduction, but as it is herma- 
phrodite, both male and female gametes occur on the same 
animal. A bulge may grow in the ectoderm at the lower end 
of the hydra ; this is the ovary containing the egg or ovum 
(Fig. 215). Higher up nearer the tentacles another bulge forms ; 
this is the testis and it contains a number of male gametes or 
spermatozoa. Each of the latter consists of nucleus with a tail 
(or flagellum) of cytoplasm attached to it. When the ovary 
and testis are ripe they burst ; the spermatozoa can swim about 
in the water by lashing their flagella, and one may reach the 
ovum and fuse with it to form a zygote from which a new 
hydra can develop. 

Sea-anemones* Sea -anemones (Fig. 210) are* brightly 
coloured sea-animals, which are very similar to the fresh-water 
hydra. They cling to rocks on the seashore and, like the hydra, 
are surmounted by tentacles which surround a mouth opening 
into their interior. The jelly-fish is also a closely related 
animal. 

Earthworms* One of the most common animals in the 
earth is the ordinary earthworm ; it has been estimated that 
as many as 80,000 of them may be present in one acre of 
ground. 

The earthworm is tubular in shape, its body being divided 
up into about 150 segments (Fig. 217). Its front end is pointed 
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and contains an opening which serves as a mouch, and at its 
other end is a slightly flattened tail. It has no eyes or ears, but 
it can distinguish between light and darkness, and it is sensitive 
to vibrations of the ground. It has a simple nervous system and 
a primitive brain which controls its movements. Thus in the 
daytime it generally stays in its hole in the soil, while at night 
it emerges in search of food ; at such times it usually leaves 



Fig/216. A Sea- Anemone. 


its flattened tail just inside its hole, so that it has a good grip 
of it, and can retreat quickly if it becomes aware of danger 
approaching. 

Expt. 93. A study of the movements of earthworms* Take 
a large glass jam jar and nearly fill it with several different coloured 
layers of soil, putting a layer of gravel at the bottom to keep the soils 
well drained. Stick a strip of paper on the side to mark the positions 
of the various layers. Place several earthworms on the surface of 
the soils together with some leaves, and place a piece of glass on 
top. Now cover the whole with a black cloth ; if this is not done, 
the worms will retreat to* the middle of the jar, because they do not 
like the light* When the black cloth is in place, probably several 
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holes will be made along the sides of the glass, where they may.be 
seen. 

In this way the behaviour of the worm in its hole may be studied. 
After some time, it will be noticed that the layers of soil have become 
indistinguishable as a result of the movements and behaviour of the 
worms. 

A worm should also be made to crawl along a sheet of paper and 
its mode of locomotion studied. 

The earthworm moves by shortening and lengthening its 
body and by putting out stiff hairs called setae. These can be 



heard brushing against the paper as it moves. There are four 
pairs of setae on each se$. ment, and the w orm fixes the setae of 
its back portion in the surface while it readies out in front, and 
then fixes the setae of its front portion while it draws its tail up. 
When passing through the soil, it not only uses this method, but 
also actually eats the soil. It swallows large quantities of it, 
obtains nutrition from the decaying organic matter therein, and 
then lets the undigested remains pass out of its lower end 
through the anus* These remains are left on the surface of 
the ground near its hole in the form of worm castings. In 
addition to soil, it also feeds on leaves, which it often draws 
into the mouth of its hole. Thus in its method of nutritipn 
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an$ excretion, the earthworm is really a friend of man, because 
it keeps the soil aerated and well mixed ; fresh soil from 4 ft. 
to 6 ft. down may be brought to the surface, and the worm 
is like a natural plough. 

Excretion of undigested soil through the anus is not the worm's 
only method of removing waste matter. It has also a pair 
of fine tubes called nephridia in nearly every segment, and these 
excrete water and nitrogenous waste matter ; they correspond 
to the kidneys of higher animals. A further advance in struc- 
ture over simple animals like the hydra is that the earthworm 
has a simple but distinct system of blood vessels on the inner 
surface of the wall of its body. It has, however, no respiratory 
organs, and breathes by taking in oxygen and giving out 
carbon dioxide through the general surface of its body. 

Like the hydra, the earthworm is hermaphrodite, but no 
worm fertilises its own eggs. It passes its spermatozoa into 
special receptacles in the front part of the body of another w orm. 
This worm then uses them to fertilise its eggs in the following 
manner. It makes a round cocoon from inaterial^discharged 
by the clitellum (the thickened part in Fig. 217), and lays eggs 
in it. To free itself from the cocoon the worm wriggles back- 
wards, and as the sperrp receptacles move past the cocoon the 
spermatozoa are forced out into it. The worm then slips its 
head right out of the cocoon, leaving the spermatozoa to ferti- 
lise the eggs in it. Thus fertilisation takes place outside the 
body of the worm altogether. Generally only one w r orm 
develops from each cocoon. 

Arthropods* Only a few simple invertebrate animals have 
so far been studied. More advanced types have a more compli- 
cated structure and a very large group, called the Arthropods, 
have a segmented body, jointed limbs, and more definite organs 
than the simpler forms of life. To this class belong the Crus- 
tacea, like lobsters, shrimps and crabs, Myriapoda, like milli- 
pedes and centipedes, Insecta, like flies, bees and beetles, and 
Arachnida, like spiders and scorpions. It is impossible, in a 
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brief study of invertebrate animals, to cover the vast fielc^of 
all the arthropods ; in the insect group alone as many as 
500,000 different kinds of insects are known to scientists. 
Since, however, this is the largest of all the groups of animals, 
and contains some of the creatures with which we are most 
familiar, a few common insects will be considered next. 

Insects* Insects differ from other arthropods in that they 
all have six legs. Furthermore, most of them can fly, and 
possess one pair, often two pairs, of wings. The legs and wings 
are borne by a middle part 
of the body called the thorax 
(Fig. 218). At the upper end 
of the thorax is the head, in 
which there are eyes and 
jaws and a pair of feelers (or 
antennae). At the lower end 
of the thorax, the abdomen is 
attached, and the complete 
digest] ve system consists of 
a mouth, stomach and in- 
testine. Most insects show a 
high degree of intelligence in their behaviour, and seem to 
possess a nervous system corresponding to a much more 
developed brain than the primitive one of the earthworm ; 
this is particularly trm* of insects like ants and bees, which 
live in social communities. 

The house fly* The ordinary house fly is a source of great 
danger in the home, because it, spreads disease by carrying 
bacteria and dirt from manure and refuse heaps to human food. 
In this way, summer diarrhoea may be caused in babies and 
small children. Other diseases, like cholera, typhoid fever and 
dysentery, are also carried by flies. It is important, therefore, 
that flies should be prevented from breeding, and that all food- 
stuffs should be kept covered. 

Like other typical insects, the body of the house fly consists 
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Fia. 218. A House Fuy. 

By courtesy of the Director of the British 
Museum ( Natural Ilutory) 
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of three parts, the head, the thorax and the abdomen. To the 
thorax, there are attached six legs and two pairs of wings ; one 
pair of the latter are very small, and are known as balancers. 
The veins that can be seen in the larger pair of wings are really 
some of the network of tubes called tracheae, by means of which 
respiration takes place. These tracheae extend all over the body 
of the fly, and make a connection with the outside air through 
pores situated between the segments of the body. There is also 
a simple system of blood circulation controlled by a primitive 
kind of heart ; this blood is not red like human blood, but is 
almost colourless. 

In the head there is a pair of large compound eyes composed 
of thousands of tiny lenses ; the fly must therefore have a queer 
kind of multiple vision very unlike our own, and it can see in 
many directions without moving its head. In addition, it 
possesses three smaller simple eyes or ocelli, and these are placed 
towards the top of its head. The antennae vary in length with 
different kinds of flies. From the mouth there hangs a tubular 
structure, the proboscis, by means of which food is* sucked up 
into the mouth. 

Flies are not hermaphrodite like the hydra and the earth- 
worm, but are divisib^ into two sexes, male and female. 
After fertilisation, the female fly lays tiny white eggs, generally 
on stable manure or on a rubbish heap ; often one fly may lay 
over 100 eggs in a day. After a day or two these eggs hatch out 
into larvae or maggots, which feed on the refuse around them. 
After live days or so, they have grown to their full size — about 
half an inch, and they then change into motionless pupae (Fig. 
219). The pupae gradually get darker in colour, and if the 
weather is fairly warm, in a week or so an imago or full-grown 
new fly emerges. A series of changes such as this — from larva 
to pupa to imago — is known as metamorphosis, and it is an im- 
portant part of the life -history of other insects besides flies : 
bees, ants, wasps, butterflies and moths all undergo a meta 
morphosis. 
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5ft PUPAL CASE 

Ft<;. !2M) Lii'k-TIistory of llousi: Fly. 

After (Jordon Hewitt. Much cuUirgod. 

Since flies breed in this way on refuse and manure heaps, it 
is obvious they can easily contaminate human food by the 
bacteria they bring to it by means of their feet and bodies. Jt 
is advisable, therefore, to cover refuse heaps so that they 
cannot use them for breeding places, and to use fly traps in the 
home to stop their harmful activities. 

Similar types of flies which are also (license carriers are mos- 
quitoes and tsetse flies. In tropical countries certain types of 
mosquitoes carry malaria, and certain other types, yellow 
fever, while the tsetse fhes are responsible for sleeping sickness. 
Daddy-longlegs and fleas also belong to this same group of 
Diptera, that is, insects possessing two wings. 

The honey-bee* Mention lias already been made of the im- 
portant work of the honey-bee in the cross-pollination of flowers. 
In addition, the honey-bee is a most useful insect to man, because 
of the honey and wax it produces. It makes the honey from 
an admixture of the nectar from the flowers it visits and its 
own saliva. It does this with t he purpose of storing up a winter 
supply of food for itself, but the honey is such a palatable food- 
stuff that human beings annex some of it for themselves. 
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Fig. 220 . Honey Bee. 

Worker (imperfect female), queen (perfect feinalo) and drone (male). 
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The bee makes a nest or hive for itself in holes in trees or in 
walls, using materials collected from trees and plants to com- 
plete the structure Artificial hives are used by bee-keepers who 
keep bees for profit. Inside the hive, the bee makes structures 
consisting of six-sided cells of wax, and this honeycomb, as it is. 
called, is used for the development of new bees as well as for 
storing honey. 

A hive is the home of one queen bee, several hundred drones, 
and thousands of workers (Kig. 220). These different kinds of 
bees all play their part in serving the community in which they 
live. Generally only one queen lives in each liivc^; if others 
develop there is a fight, v hicli results in the death or ejection 
of the defeated queen. The queen is always a female of a larger 
structure arid more slender body than the other* bees in the hive, 
and her chief purpose in life is to lay eggs ; the others w ork for 
her and pfotect her. The drones are male bees ; they are 
stouter arid smaller than the queen, and provide the substance 
with which she fertilises her eggs. Apart from this, they do 
nothing and so, at the end of the summer when food is scarce, 
the lazy drones are often ejected from the hive and left to die. 
By far the most numerous members of the community are the 
thousands of busy workers ; they are the smallest and most 
active of all the bees. Some of them make M ax and construct 
the honeycomb, others visit the flowers to collect the nectar 
from which the honey is formed, while others remain in the 
hive to look after the young larvae. Those that go from flower 
to flower suck the liquid nectar from the nectaries by means of 
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their long proboscis and pass it into their honey bags, wh^re 
changes take place in it so that it can later be discharged into 
the cells of the honeycomb in the form of honey. They also 
collect pollen in a pollen -basket on their hind legs, and both the 
pollen and the honey serve as food for the whole community. 

The queen, the drones and the workers have a similar struc- 
ture to other insects, and possess bodies consisting of a head, 
thorax and abdomen, six legs and four wings. The wings are 
gauzy and transparent, the back pair being smaller than the 
front (Fig. 221). Both the 
queen and the workers have 
a barbed sting at the end of 
the abdomen, and since the 
barb prevents its withdrawal 
once it has been used, the 
bee, after stinging, has to 
tear itself away from this 
organ, and is consequently 
so mutilated that it generally dies. In any case, a worker bee 
only has an average life of a few months, although a queen may 
live three or four years. 

The eggs from which the various bees develop are all laid by 
the queen bee ; she may lay as many as 3000 in one day. If 
the eggs are fertilised they may develop into queens oV workers ; 
if unfertilised, into drones. For a queen to be produced, the 
larva that develops from the fertilised egg must be fed by 
workers on a special food called the royal jelly, and when fully 
grown, this larva is sealed in a special cell, the royal cell. 
Workers, drones and queens all develop in special cells in the 
honeycomb (Fig. 222). The larva spins a cocoon and this be- 
comes a motionless pupa or chrysalis. Two or three weeks after 
the time the egg was laid the imago or perfect bee emerges from 
the chrysalis. Thus a metamorphosis takes place in the life of a 
bee as in that of many other insects. Often several new queens 
develop ; the old queen then leaves the hive, taking with her a 
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Fig. 222 . Ptece of Honeycomb. 


drpne and a number of workers, and founds a new colony some- 
where else. The new queens cause much disturbance and 
Drone CelLS fighting; all except one are 

killed or ejected, and the sur- 
viving queen becomes the new 
ruler of the hive. 

There are other types of bees 
as well as the honey ones, the 
most familiar being the large 
bumble-bee. Wasps and hor- 
nets are also very similar both 
in structure and in mode of 
life. All these insects belong to 
a group called the Hymenoptera ; 
the word means “ membrane 
wing ” and the insects of this 
group are peculiar for their transparent membranous wings. 
The ants also belong to the Hymenoptera, and they have 
a highly developed communal life very like that ef the bees. 
All these insects display great intelligence in the way they 
organise their social life. 

Moths and butterflies. One of the beauties of the country- 
side in the summer is the sight of the gaily coloured butterflies 
that fly from flower to flower in the sunshine. At night, more 
frequently moths appear. A difference between a butterfly and 
a moth is that the former has antennae with a knob-like ending, 
whereas the moth has pointed antennae. Furthermore, a 
butterfly generally places its wings back to back when it alights, 
while a moth keeps them expanded. 

The general structure of moths and butterflies is similar to 
that of the insects already considered ; they have a head, 
thorax and abdomen, six legs and two pairs of wings. Thei 
wings are their chief claim to distinction ; they are covered with 
tiny scales of different shapes and colours which give them their 
unique appearance. For this reason moths and butterflies are 
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included in a group of insects, the Hepidoptera, which means 
scale-wing. Fig. 223 shows the variety of colour and marking 
in some typical butterflies, and in a red underwing moth. 
The difference in the antennae should be noted. 

The metamorphosis that takes place in a butterfly can easily 
be studied. 

Expt. 94. The development of the cabbage white butterfly. 

Obtain some cabbage leaves on which there are clusters of the tiny 
cream eggs of the cabbage white butterfty. Place them in a large glass 
jar containing a little water to keep them fresh. In a month, small 
green caterpillars appear. Supply them with fresh leaves for food, 
and observe how they shed their skin several times as they grow. 
When the caterpillar stops feeding notice how it turns into a pupa 
or chrysalis. It attaches itself to the side of the jar by a sticky pad 
at its tail end and spins a silk girdle round the other end. It then 
sheds its larval skin and enters the motionless chrysalis state. 
Notice finally how the imago or butterfly emerges from the chrysalis. 

Fig. 224 shows the appearance of the cabbage white butterfly 
at different stages in its development. When fully formed , there 
are differences in size and marking iri the male and female insect. 

Most! butterflies arc harmless, but t he larvae of the cabbage 
white butterfly do much damage by their voracious feeding on 
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cabbage leaves. The caterpillars of many of the moths destroy 
crops and vegetation in a similar way. In the home, the 
clothes moth is a source of trouble ; it lays its eggs in fur and 
woollen garments, and the larvae, when they develop the follow- 
ing spring, use the materials for food and thus eat holes in the 
garments. The presence of camphor may prevent the moths 
settling and laying their eggs, or once the eggs have been laid, 
a thorough beating and shaking of the garments may remove the 
eggs before they develop. Although most moths are harmful, 
one kind, the silkworm moth, is of service to man. According to 
tradition, this type came from China, and its larva, when develop- 
ing into the chrysalis state, spins a cocoon of beautiful silk thread. 
Where the silkworm is specially bred for obtaining this silk, 
the chrysalis is killed after the silk has been made and only a 
few are allowed to develop into moths, which will give a further 
supply of eggs. Otherwise the silk thread is broken by the 
moth eating its way out of the cocoon. 

From the few invertebrate animals that have been studied 
in this chapter, it is obvious that the life of man oifcthc earth is 
very much influenced by the life of the other living creatures 
around him. 



CHAPTER XXI 


LIFE-HISTORY AND STRUCTURE OF DOGFISH, 
FROG AND FOWL 

Vertebrates* A11 animals that have backbones are known as 
vertebrates. A few familiar animals that belong to this class are 
frogs, sparrows, dogs, sheep, cows, and human beings. The 
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respiratory systems, their > ,,otect llie l,ra,n arul cord - 
hearts, their systems of blood circulation, and their eyes are 
all more highly developed than in more primitive creatures. 

Some animals, like fish and reptiles, are said to be cold- 
blooded, because the temperature of their bodies varies with 
the temperature of their surroundings, and never differs much 
from it ; thus they are colder in the winter than in the summer. 
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Ojbhers, like the birds and man himself, are described as warm- 
blooded, because their blood remains at an almost constant 
temperature which is higher than that of their environment ; 
thus their blood is as warm in the winter as it is in the summer. 

The vertebrates can be divided into five groups : 

(1) Fish are cold-blooded animals that live in the water ; for 
example, the herring, the cod, the trout. The characteristics of 
fish are that they are covered with scales ; nearly all of them 
have fins instead of limbs ; they respire by means of gills ; 
they lay eggs to produce their young. 

(2) Amphibians are cold-blooded creatures capable of living 
in water or on land ; for example, the frog and the newt. They 
are covered with a slimy skin ; they possess four limbs ; they 
breathe by gills and by lungs at different stages of their develop- 
ment ; they lay eggs from which their young develop. 

(3) Reptiles are cold-blooded animals which crawl, and which 
are to be found mostly in warm and tropical climates ; for 
example, the lizard, the snake, the crocodile, the tortoise, and 
the turtle. Reptiles are covered with a layer of scales ; they 
may possess four limbs terminating in nails or claws, although 
certain of them, like the snakes and some lizards, possess no 
limbs at all. They breathe by means of lungs, so that they 
cannot live under water ; generally they reproduce themselves 
from eggs covered with a shell. 

(4) Birds are warm-blooded animals that can fly ; for 
example, the hen, the duck, the thrush. All birds are covered 
with feathers ; they possess two legs and two wings ; they 
breathe by means of lungs ; they lay eggs contained in a 
shell. 

(5) Mammals are warm-bloooded animals that feed their 
young with milk ; for example, the cow , the sheep, the dog. 
They are covered with hair or wool ; they have four limbs ; 
they breathe by means of lungs. They differ from other verte- 
brates in that, with very few exceptions, they produce young, 
which when born, are fully formed. 
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Examples of some of these types of vertebrates form tb^ 
subject of this chapter. So few reptiles are to be found in 
Britain, that an example of a reptile will not be included. Thf 
dogfish will be described as a simple fish, the frog as a commoi 
amphibian, and the fowl as a familiar domestic bird. The 
highest form of mammal, man himself, will be studied in 
Chapter XXII. 

The dogfish lives only in the sea and is very commonly 
found around the coasts of Britain. It is very like a miniature 
shark, and, although it is not usually dangerous to man, it is 
the great enemy of small fish like pilchards, and of small 
crabs and shellfish. 

The dogfish (Fig. 226) is about two feet in length, and its 
slender streamlined shape enables it to glide through the 
water very easily. It propels itself along by lashing its tail to 
and fro ; the powerful muscles it possesses enabie it to make 
this movement. It uses its fins to balance and steer itself up 
and down through the water in all directions. It has eight fins 
altogether ; two dorsal fins on its back : two pectoral ones near 
its head, two pelvic ones lower down its body, one ventral one 
near its tail and a caudal fin on the tail itself. 

The fish we generally eat, like the herring, the haddock and 
the salmon, all have a vertebral column and skeleton of bard 
bone (Fig. 227). Such bony fish are more highly developed 
than more primitive one like the dogfish and the skate. These 
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Fig. 227. Skeleton of a Bony Fish. 


simpler fish have a vertebral column and a framework of carti- 
lage and gristle instead of a bony skeleton. They also differ 
from bony fish in having no flap (or giJi-cover) over their gills ; 
in Fig. 226 the gill -slits in the throat of the dogfish can be seen 
exposed. 

It is by means of the gills that respiration takes place, the 
necessary oxygen being obtained from the water flowing 
through them. A fish inspires by opening its mouth and letting 
water flow in. It then expires by closing its moutltand .passing 
the water through its gill-slits. Throughout this process, the 
throat is kept closed, so that the water is not swallowed. As the 
water flows over tiny gills it comes into contact with thr 
numerous tiny blood vessels they contain ; these give up un- 
wanted carbon dioxide to the water and take fresh oxygen from 
it into the blood stream. This newly oxygenated blood flow? 
to the various organs of the body and gradually becomes impure 
as it reacts with the protoplasm ; it then passes into a chain hex 
of the heart called the auricle. The auricle passes it on to r. 
second chamber called the ventricle, and thence it is pumper 
forward to the gills to he refreshed again. 

For nutrition, the dogfish depends on the smaller fish on 
which it prevs. It takes them in by its mouth, which is on the 
underside and not, as in most fishes, at the end of the head. 
This food is then passed into the stomach and intestines to he 
digested. Solid waste matter is excreted through the anus, a 
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hole situated between the pelvic fins. Tubes conveying liquid 
waste matter from the kidneys also open into the same hole. 

The nasal apertures in the head above the mouth are used, 
not for breathing, but for smelling. Tn this way the fish can 
test the purity of the water into which it swims. It also pos- 
sesses eyes which have no lids to them, and ears for hearing, 
although the latter are not visible externally. On the snout of 
the dogfish are a number of small pores a\ hi eh mark the open- 
ings of long tubes fitted with jelly. It is thought that these 
enable the fish to tell whether it is dee]) in the water or near the 
surface, the pressure on the jelly naturally being greater when 
the fish is deep down. The lateral line (Fig. 220) along each side 
of the body is also believed to be a means by which the fish can 
detect changes of pressure, and so realise how far below the 
surface it is swimming. 

For reproduction to take place, sperms arc produced by 
special organs in the male dogfish called testes, and transferred 
to the eggs of the female dogfish. The fertilised eggs are then 
enclosed in an egg-ease and laid among sea- weed. Threads 
attached to the egg-case get entangled in the sea-weed, so that 
the case is kept in a safe position ; it thus remains undisturbed 
while the young dogfish develops. Only two eggs are laid at a 
time, and in this respect the dogfish differs from most other fish, 
the majority of which lay vast numbers of eggs. As a rule, only 
a few survive, the rest being eaten by other fish. 

The frog is a much more highly developed vertebrate than a 
fish, although in the early stages of its life it lives in the water, 
breathes by gills, and in many ways resembles a fish. The 
mature frog is a mottled brown and green animal living partly 
on land and partly in fresh water ; it is therefore classed as an 
amphibian. It is to be found in marshy places and by ponds 
and streams, but the colour and markings of its skin so camou- 
flage it that it is often difficult to distinguish it from its sur- 
roundings. In the winter it hibernates, that is, it sinks into a 
sluggish and sleepy condition, when it scarcely seems to be alive. 
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Fpr this hibernation or winter-sleep it chooses a sheltered damp 
spot either beneath a large stone, or in the mud at the bottom 
of a pond ; in such places it can remain safe and undisturbed. 
Since it is a cold-blooded animal, its temperature is much lower 
during the winter months, but in its hibernating state, it 
manages to survive the winter cold. In February and March 
it awakes to activity once more and breeding takes place. 

Development of the frog* Before considering the mature 
frog it is interesting to see how it develops from an egg in a 
jelly-like mass of spawn to a small fish-like creature, the tadpole, 
and thence to a tiny frog. 

Expt. 95. The development of the frog. (This experiment 
must be done in February or early March when frog spawn is avail- 
able). Collect some frog-spawn and place it in a bow l of pond- water 
together with some water weeds. Notice that the round black 
specks arc the actual eggs and that they are surrounded bv a clear 
jelly-like substance. Watch them day by day, and observe any 
changes in their shape. In two or three weeks small black creatures, 
called tadpoles, will hatch out and cling to the water-weeds in the 
bowl. Observe them carefully, and notice any changes in their 
appearance. At six weeks it is advisable to put a little fresh chopped 
raw meat in the water each day or the tadpoles w ill cat each other. 
After seven or eight week^, legs will be seen to appear ; the tail then 
disappears and the animal will come to the surface to breathe air. 
Finally observe the tiny frog that leaves the water and jumps about 
on the adjacent ground. 

Fig. 228 show\s the gradual changes that should have been 
observed during the experiment. The jelly serves as a protec- 
tion to the eggs before they develop. They gradually become 
more elongated, and little creatures with large heads and short 
tails emerge. These attach themselves to the water-' weeds by 
a kind of sucker called a cement organ. To begin w ith, they are 
blind and have no mouth, their nourishment being obtained 
from the remains of the egg. After a few days, eyes, ears, gill- 
slits and mouth appear, and they begin to swum about vigor- 
ously by lashing their tails. 






314 


GENERAL SCIENCE 


tofts on the sides of the head, but these gradually shrivel and 
internal gills, like those of the dogfish, develop. A fold of skin 
called the operculum then grows over the gill-slits ; this flap is 
similar to the gill -cover possessed by the more highly deve- 
loped fish like the herring and haddock. A little later, knobs 
appear on each side of the tail ; these are the beginning of the 
hind-legs ; the fore-legs are hidden by the operculum. Gradu- 
ally the legs increase in size, the fore-legs appear through the 
operculum, the tail shrinks, and the tadpole now rises to the 
surfaoe occasionally to breathe air. This shows its lungs are 
developing and by the time they are fully formed the gill-slits 
have become closed, and the animal uses its lungs for respira- 
tion. When finally the frog takes to the land it moves about 
by jumping, but it is still quite at home in the water, and can 
swim by moving its hind-legs and webbed toes. 

Skeleton of the frog. The bony framework or skeleton of the 
frog is quite an elaborate structure (Fig. 229). At the back 

there is a spinal column con- 
sisting of nine werteljrae and 
this is continuous with the 
skull. In front there is a 
breast-bone or sternum, but 
no ribs. The shoulder girdle 
consists of two shoulder 
blades or scapulae to which 
the bones of the fore-limbs 
are attached. The latter 
consists of an upper arm 
bone, the humerus, connected 
by a joint to the lower arm 
bone, the radio-ulna. In a 
human being and many other 
vertebrates there are two lower arm bones, the radius and the 
ulna, instead of the single bone possessed by the frog. Wrist 
or carpal bones connect the four fingers and the tiny thumb to 
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the radio ulna. In the lower part of the body the pelvic gi«dle 
supports the bones of the back legs ; these each consist of a 
femur and a tibio-fibula, another single bone corresponding to 
the tibia and fibula found in many of 
j the higher vertebrates. Long ankle or 
tarsal bones connect the tibio-fibula to 
the foot. This consists of five large 
toe bones and one small extra one, 
the calcar ; the web that connects the 
toes makes the large foot extremely 
useful for swimming purposes. 

Most of the movement of the frog, 
both on land and in water, is due to 
the action of its hind legs. When it 
straightens them, an impetus is trans- 
ferred through the pelvic girdle to the Hl ™ AV I * KE ‘’ S MlTS(,LK FOK 
vertebral column lorcing the whole 

body forward. This powerful leg movement is only possible 
becauge the leg-bones have strands of muscle connecting them. 
The bones of all vertebrates are moved by muscle in a similar 
way ; E"ig. 230 shows how the contraction of the biceps muscle 
makes it possible for a man to lift his forearm. 

Internal structure of the frog. The various internal organs 
of the frog (Fig. 231) are the brain and spinal cord, the heart, 
the lungs, the liver, the stomach and intestines, the kidneys and 
the reproductive organs. These last are called testes in the 
male animal and ovaries in the female. All vertebrates have 
similar organs, arranged generally in the same relative positions. 

The brain and spinal cord, which are protected by the skull 
and vertebrae, form the central nervous system. From this, 
nerves go to all parts of the body arid control the important 
functions of respiration, nutrition, excretion and reproduction. 
In addition, various nerves transmit to the brain messages about 
the sensations of touch, sight, sound and smell received by the 
eyes, ears and other organs. They also control any movements 
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the frog makes in response to such sensations ; for example, he 
may jump away to shelter if he hears a dangerous sound. 

The heart of the frog is more complicated than that of the 
doglisli as it consists of three chambers instead of two ; it has 
left and right auricles and a single ventricle. The impure blood 
that has circulated through the various organs <Jf thfr body 
passes by veins to the right auricle ; at the same time freshly 
oxygenated blood from the lungs passes in the left auricle. Both 
chambers then discharge into the ventricle, blit the tissue therein 
prevents the blood mixing freely, so that when the ventricle 
pump* the blood out again the impure blood goes first through 
the main artery to the respiratory organs to be re-oxygenated ; 
the mediumly oxygenated blood goes next along a second pair 
of arteries to the trunk and limbs, while the best oxygenated 
blood goes last through a pair of arteries to the head. 

The respiratory organs of the frog consist of its lungs, its skin 
and the roof of its mouth. In all these places, there is a capil- 
lary network of blood vessels, so that an exchange can take place 
between the fresh oxygen of the air and the surplus carbon 
dioxide in the blood stream. To pass air into its lungs, a frog 
obtains a large mouthful of air, closes his nostrils and the tube 
to his stomach, and then swallows hard, so that the air is forced 
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down into his lungs. During this process some respiration ajso 
takes place through the roof of the mouth. The skin must be 
thoroughly moist for it to serve as an effective respiratory organ, 
but the frog frequents such damp places that its skin is always 
slimy. It is by this means that a frog respires when it hiber- 
nates at the bottom of a pond during 
the winter ; the dissolved air in the 
water passes through its skin, and it 
is thus supplied with all the air it 
needs in its torpid state. 

The stomach and the small and large 
intestines are concerned with the diges- 
tion of food. The frog feeds on worms, 
insects and snails and it catches these 
victims by means of its unique tongue. 

Fig. 232 shows how this organ is at- 
tached to th e front of its mouth point- 
ing backwards ; a large portion of it 
can then be flicked rapidly outwards 
to seize a fly or other insect. There is 
a sticky secretion on its surface, so 
that the prey is naught as if it were on 
a flypaper, and once in the mouth it is 
further prevented from escaping by 
the teeth, and the inward pressure of 
the frog's eyeballs. Fairly large prey 
is then swallowed whole, passing down 
the gullet to the stomach. Smaller 
prey are forced down the throat by the lashing of many small 
threads, called cilia, which are situated on the roof of the 
mouth. The stomach is continuous with the small intestine 
and the large one, and while passing through these organs, 
the food is digested, that is, it is broken and dissolved 
up into a form in which it can pass into the blood stream. 
The liver and the pancreas pass certain digestive juices into the 
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digestive organs to aid this process. In this way the frog 
obtains its nutrition. Any undigested food passes out from the 
large intestine by an opening called the cloaca ; the watery ex- 
cretion from the kidneys and the products of the reproductive 
organs are also expelled through the cloaca. 

In February and March a great deal of croaking is often heard 
as the frogs begin to breed. The female lays large masses of 
eggs — often a thousand or more — each surrounded by a pro- 
tective layer of jelly. The male frog then sheds spermatozoa 
over them, so that they become fertilised, each egg being ferti- 
lised by one spermatozoon. Thus masses of frog-spawn are 
formed, from which tadpoles and new frogs can gradually 
develop. 

The fowL The fowl is a common domestic bird which is of 
great value to man because it supplies him with two nourishing 
protein foods - eggs and its own edible flesh. 

The eggs laid by the female fowl (or hen) are very much 
larger than those of the frog ; actually it is only the yolk 
that is the fertilised egg, the white and shell being #xtra r cover- 
ings. Like that of the dogfish, the egg is fertilised within the 
body of the female, and while passing down the oviduct (the 
tube leading from the pvary) the fertilised egg acquires first a 
coating of white of egg and then a shell. 

Development of the chicken. The development of a chicken 
from an egg cannot be so easily studied as that of a tadpole, 
because the opaque shell makes observation difficult, but the 
structure of a newly laid egg shows an early stage in the develop- 
ment of the chicken. 

Exft. 96. The structure of a hen's egg. Take a newly laid 
raw egg and place horizontally in a glass dish. Then, with a pair of 
scissors, cut carefully rather less than half the shell away, so that the 
yolk intact and most of the white remains in the lower portion. 
Notice that there is an air space at the blunt end between the 
shell and the shell-membrane that surrounds the white. Another 
thin skin, the vitelline membrane, can be seen surrounding the yolk. 
Look carefully at the white, and notice two thicker parts of it con- 
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Fig, 233. Section through an Egg of a Domestic Fowl. 

sisting of twisted strands called chalazae ; these keep the yolk sus- 
pended and enable it to turn ; they also act as shock-absorbers (Fig. 
233). Now look for a pale spot on the yolk, the germinal vesicle ; this 
is the embryo from which the chicken will develop. 

Take another unbroken egg and place it in hot water ; notice that 
small bubbles come out of the egg. This shows that gases can pass 
through the shell. 

The natural way for an egg to be hatched is for the brooding 
hen to sit on it and keep it moist and at a suitable temperature 
between 99° and 105° F., but often eggs are hatched in incu- 
bators, the necessary warmth and moisture being artificially 
supplied. The yolk is lightest in the neighbourhood of the 
germinal vesicle, and so by means of the chalazae, the yolk can 
turn so that the embryo is always at the upper side of the egg 
nearest the warmth of the mother bird. After three? weeks in 
such warm surroundings the chicken pecks its way out of the 

egg. 

The actual growth of the embryo during these three weeks 
has been studied by opening eggs each day during the period 
of incubation. It has been found that the germinal vesicle first 
becomes pear-shaped, and then a streak appears down the 
middle of it making the position of the backbone. Gradually 
brain, nerves and blood-vessels begin to appear. Fig. 234 shows 
an egg after five day’s incubation. The allantois is the respira- 
tory organ by which the embryo respires. It was seen in Expt. 
96 that gases could penetrate the shell, and the blood-vessels of 
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Fia. 234. The Egg of the Fowl after 5 Days’ Incubation. 
(After Duval) 


the allantois absorb oxygen from the air, which diffuses in 
through the pores of the shell, while waste carbon dioxide 
diffuses out. The embryo obtains nutrition from the yolk and 
white which form the rest of the egg ; these *re gradually 
absorbed into its body to supply it with nourishment. When 
the chicken is fully developed it occupies nearly the whole of 
the shell, and it then pecks its way out as a fully formed bird. 

Skeleton of the fowl. The skeleton of a fowl is familiar to 
every on£, for when the bird is used as a food its flesh has to be 
carved off the bony framework. Fig. 235 shows the complete 
skeleton. In many respects it is similar to that of the frog. 
There are many more vertebrae, and at the lower end they fuse 
into a bone called the ploughshare bone, which supports the 
tail feathers. The sternum is large and well formed, and has 
a definite keel ; a strong sternum is necessary for supporting 
the muscles which enable the bird to fly. The fowl differs 
from the frog in that it possesses ribs, those attached to the 
backbone being connected by extensions called uncinate pro- 
cesses. At the shoulder there is the “ wish-bone ” or “ merry- 
thought ”, which corresponds to the two collar-bones of a 
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human being. The wings have similar hones to the fore-lipabs 
of the frog except that the radius and ulna arc separate. 
The leg bones consist of a femur and ti bio -tarsus ; to the 
latter is connected the tarso-metatarsus, which is really an 
ankle bone although 11 is often regarded as the leg of the 
fowl. 

Internal structure of the fowl* The internal organs of the 
fowl are similar to those of other vertebrates. 

The heart of a fowl is more like that of a mammal and con- 
sists of two auricles and two ventricles ; there is consequently 
no mixing of the impure blood with that freshly oxygenated, 
and so a more complete oxygenation of the blood is secured. 
This helps to give the bird more energy and vitality than a fish 
or amphibian. 
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'J’he process of oxygenation is still further helped by the air 
sacs in the body of the fowl. These communicate with the lungs 
and enable it to fill its lungs completely with fresh air with each 
breath it takes. 

The first part of the digestive process of the fowl differs from 
that of the frog and mammals. At the end of the gullet, there 
is a widened cavity called the crop, and in this food is kept for 
some time until it is softened. It is then passed into a lower 
cavity, the proventiculus, where digestive juices are liberated on 
to it. From there it goes to the gizzard, a thick muscular organ 
in which food can be ground up. Any girl who can watch a bird 
being prepared in the kitchen should identify the gizzard ; she 
will probably find small stones in it, which the fowl has pur- 
posely swallowed to assist the grinding up process. The fowl 
also possesses a liver and a pancreas, which serve the same 
purposes as those of a frog, such as liberating digestive juices 
into the intestines, etc. 

The development of vertebrates. Mention has already been 
made of evolution. The study of the different types of verte- 
brates, as well as an examination of the fossilised remains of 
animals, has led to the theory t hat animal life that began in the 
water gradually invade^! he land. Just as the tadpole develops 
into the frog, so in a similar way some fish may have developed 
into amphibians. Descendants of certain amphibians then 
became reptiles, while from the reptiles evolution proceeded in 
two directions, the bird class developing as one distinct type 
and ordinary land animals as another. 
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THE HUMAN BEING. HYGIENE 

Man* The most highly developed form of animal life is 
found in man himself ; gradually he is winning supremacy over 
all other types of animals and over his material environment. 
In the last century this has been shown by the way in which he 
has conquered the air, and established increasingly rapid means 
of communication and transport. 

Nevertheless, man is as yet only in his infancy. It has been 
estimated that the first amoeba-like forms of life appeared about 
twelve million years ago, but in the course of evolution eleven 
million .years elapsed before man evolved. Even then he was a 
primitive animal-like creature, and he can only be said to have 
been civilised for approximately the last eight thousand years. 
It seems, then, that if so much can be accomplished in a few 
thousand years out of the many millions of the past, there is 
reason to hope that unlimited possibilities exist for his future 
development, particulaTV in the realms of the mind and 
spirit. 

The skeleton* The bony framework of the human body 
(Fig. 236) supports the flesh, protects various important organs, 
and, with the help of the attached muscles, makes movement 
possible. Altogether there are over two hundred separate bones 
connected by joints of various kinds. At the joints, a coating 
>f cartilage bathed in fluid over the ends of the bones ensures 
their smooth working, and the bones themselves are kept in 
position by fibrous bands called ligaments* 

The central part of the framework is the vertebral column ; 
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it was seen in Fig. 225 that the upper end of it supports the 
skull. It consists of thirty-three bones or vertebrae, the top 
twenty-four of which are superimposed but separate, and the 

lower nine fused into two sections 
which form the sacrum and the 
coccyx. The four fused vertebrae 
of the coccyx are the relic of a 
tail, and the five vertebrae above 
it are fixed into a strong protec- 
tive belt, the sacrum, which is 
firmly attached to the hip bones ; 
this complete pelvis or pelvic girdle 
of the hip bones and sacrum sup- 
ports the weight of the upper part 
of the body. Above the sacrum are 
five strong lumbar vertebrae, and 
then twelve dorsal vertebrae, to 
which twelve pairs of ribs arc 
attached. Ten of these pairs of 
ribs are joined by cartilage to the 
breast bone or sternum, but the 
last two pairs are not connected 
in this way, and are known as 
floating ribs. The shoulders are 
Fig. 23fi. The Human supported by the shoulder blades 
Skeleton. (or scapulae) and collar bones, 

and this shoulder girdle together with the breast bone and 
ribs, forms a protective framework for the heart and lungs. 
The upper arm bone, the humerus, is connected by a ball- 
and-socket joint to the shoulder blade, and by a hinge joint 
to the two bones of the lower arm, the ulna and the radius. 
A ball-and-socket joint (Fig. 237) is one in which the rounded 
head of a bone fits into a cavity of another bone, thus ensuring 
freedom of movement in several directions. Such a joint is kept 
lubricated by a liquid called sinovial fluid, which is secreted by a 
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delicate membrane lining it. In a similar way the upper leg 
bone or femur is connected to the hip bone by a ball-and-socket 
joint, and to the lower leg bones, the fibula and tibia, by a hinge 
joint. 



Fio. 237. Batx-and -Socket Joints. 

Expt. 97. The bones of the human body. Study Fig. 236 
or, if possible, the bones of a real skeleton in a museum, and then 
feel the bones of your own body, identifying them as you do so. 
Notice the difference in movement of the ball-and-socket joint of 
the shoulder and the hinge joint of the elbow ; the latter only 
allows movement in one plane. 

If the knee of a sheep can be obtained, the working of the joint 
can be examined, and the presence of cartilage and si no vial fluid 
can be verified. 

Muscles. Fig. 230 illustrates the action of the bieejis muscle 
in lifting the human forearm In a similar way, all the various 
bones of the body can be made to move by means of the 
different muscles attached to them. In addition to causing 
movement of the body, certain muscles do such important 
work as controlling the action ol the heart, the lungs and the 
digestive organs. 

Muscular tissue consists of fibres, bound into bundles by 
connective tissue and supplied with blood-vessels and nerves. 
Generally they are thicker at the middle than the ends, and if 
their work is that of moving a heavy limb, they may be joined 
to the bone by tendons (Fig. 238). When a stimulus is con- 
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veyed to the muscles by means of the nerves, the fibres can 
shorten in length and increase in diameter, and this contraction 
moves the bones as if they were levers ; in Fig. 230 the elbow 
is the fulcrum ; the weight of the forearm, the load ; and the pull 
of the biceps muscle, the effort. The point of application of this 
last force can be determined by lowering the fore-arm and re- 
laxing the muscle ; the tendon attaching the biceps muscle to 
the radius can then readily be felt. 

Actually there are two kinds of muscle, voluntary or striped 
muscles, and involuntary or unstriped ones. The former are 



Fig. 238 . A Muscle, showing a Tendon at Each End. 


under the conscious control of the will, and are the ones causing 
nearly all movements ; they are striped with definite mark- 
ings, which can be seen with the aid of a microscope. The 
involuntary muscles work independently of consclbusness, and 
it is these which control the heart and digestion. They are 
generally arranged in thin sheets, and do not possess the 
striped markings of tile voluntary muscles. 

During muscular action, chemical changes take place, and 
much energy is made available in the form of movement and 
heat. Everyone is familiar with the way in which any kind of 
exercise makes the body warm. 

The nervous system. It is by means of the nerves that the 
whole of the body is controlled ; Fig. 239 shows the compli- 
cated nervous system extending from the brain and spinal cord 
all over the body. It is a similar, but more complex, arrange- 
ment than that of the frog, and again the brain and spinal cord 
form the central nervous system. In these organs lie the various 
nerve centres which are connected by nerve cords to the nerve 
endings in the various parts of the body. Nerve cords consist 
of bundles of fibres similar to pieces of white cotton ; sometimes 
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a ^entist removes a nerve from a sensitive tooth and it can then 
be seen to be like a little piece of white thread. The nerve 
endings in a tooth may be stimulated by a patch of decay ; 
they then transmit the sensation through the thread-like nerve 
cords to the nerve centres in the brain, and the person is 
conscious of toothache. In a similar way, nerve endings in the 
finger-tips or anywhere on the surface of the body may transmit 
to the brain impressions of pain, heat or cold, roughness or 
smoothness, by means of these sensory nerves* 

The various senses of smell, taste, sight and sound also 
depend on the specialised nerve endings that exist in the nose, 
mouth, eyes and ears. The various messages that travel 
through the body in this way pass along the nerves at a 
speed of approximately 472 feet per second. Often the 
brain, on receiving such a message, sends out a reply in 
the form of action of the muscles, and the nerves carrying 
such a message are called motor nerves because they cause 
movement. For example, a girl may be using an electric 
iron which has become too hot, and she may sm#ll byrning, 
or see a brown mark, or feel the extreme heat. By one 
or all of these stimuli to the nerve endings in nose, eyes 
and hand, her brain becomes conscious of what is happening. 
She accordingly, by an effort of will, passes a message along 
the motor* nerves to her arm to lift the iron from the material 
which it is burning. Described in this way, it seems as if action 
is slow, but actually both sets of messages travel along the 
nerves at 472 feet a second, and from practical experience, 
everyone knows how quickly it is possible to respond to the 
sensation received. 

Sometimes response is even quicker than that just described, 
because what is known as a reflex action takes place. Many 
muscular movements are not directly controlled by brain areas 
and take place automatically. This happens because the 
sensory nerve impulses are turned back at subordinate nerve 
centres in the brain or spinal cord, and the motor nerves 
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respond without the need for conscious judgment by the brain. 
Sneezing and coughing occur in this way ; the irritation <Jf 
certain nerve endings causes a reflex action not under the 
conscious control of the brain. In a similar way, such activities 
as dancing, walking, swimming and playing games are con- 
trolled consciously by the brain at first, but with practice they 
can be performed automatically without the need for thinking 
about moving a limb in a particular direction, the control having 
been relegated to a different part of the brain and spinal cord. 

The brain and spinal cord. Fig. 225 shows how the brain 
and spinal cord with their sensitive nerve cells are protected by 
the bony structure of the skull and vertebral column. The 
cerebro-spinal system consists of three parts, (i) the cerebrum, the 
large upper portion of the brain, (ii) the cerebellum, the small 
lower part at the rear, and (iii) the medulla oblongata continuing 
downwards to the spinal cord. The cerebrum consists of large 
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Fig. 240 . Diagrams to .":iow some of the Regions and Areas 
of the Human Bkain. 


masses of coiled and twisted ner\ ous matter divided into right 
and left cerebral hemispheres, which are separate at the top, 
but joined lower down in the brain. Outside them is a tiny 
layer of grey matter, with which is associated many activities 
of the mind and intelligence. Different areas of the cerebrum 
control the various senses of smell, taste, hearing and sight 
(Fig. 240) as well as muscular movement. A curious fact is that 
the nerves cross over, so that the left cerebral hemisphere con- 

J.G.S. 
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trols the right side of the body and vice versa ; thus an injury 
to the left side of the brain may result in paralysis of the right 
side of the body. 

The smaller lower part of the brain, the cerebellum, is con- 
cerned with the co-ordination of the ordinary nervous and 
muscular movements of the body, as, for example, walking and 
eating. A person may be unconscious as the result of an injury 
to the cerebrum, but still be able to take food because the 
cerebellum is uninjured. 

The medulla oblongata controls certain automatic movements 
of the body like breathing and swallowing and various reflex 
actions. 

In addition to the cerebro-spinal system, which governs 
muscles under the control of the will, there is the sympathetic 
nervous system which is concerned with regulating involuntary 
muscles. It consists of groups of nerves closely connected with 
the spinal cord, and these automatically regulate the blood- 
vessels and such bodily functions as digestion and excretion. 

All parts of the brain are plentifully supplied with blood- 
vessels. In fact, all tissues and cells of the body depend on the 
blood stream for supplying the nutrition and oxygen they need. 

The heart* Blood ^is distributed throughout the body by 
means of the heart, the arteries, and the veins. The heart acts as 
a pump to force the blood through the various blood-vessels. 
Arteries carry blood aimy from the heart, while veins carry it 
back towards the heart. In addition there are tiny blood- 
vessels called capillaries, through whose walls gases and fluids 
can diffuse. 

All mammals have similar four-chambered hearts consisting 
of two auricles and two ventricles. The working of the human 
heart can be more readily understood if that of a sheep is first 
examined. 

Expt. 98. Examination of a sheep's heart* Obtain a sheep's 
heart ; notice its shape and the four tubes that emerge from the 
blunt end. Two of these are arteries and two are veins. To discover 
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which is which, attach a piece of pressure tubing to a tap and to each 
of the tubes in turn, turning the water on gently after making the 
connection. The tubes which lot water into the heart must be veins 
Notice that the walls of the veins arc thinner than those of the 
arteries. Fill the heart with water and squeeze the lower part of it. 
At each contraction water w ill squirt out of the two arteries. This 
shows how blood is pumped out, when the muscles keep the heart 
beating in the normal way. 

Now 7 out the heart across, and try to identify the two auricles and 
the two ventricles. The latter are in the lower pointed end, and can 
be seen to have much thicker walls than the other chambers. 

The human heart also consists of four chambers, a right 
auricle and right ventricle, and a left auricle and left ventricle. 
Valves control the flow of blood in and out of these various 
chambers, but there is no communication between the right and 
left sides of the heart. Fig. 241 shows a sectional diagram of 



Fto. 241. Section thboikih One Side of the Human Heart. 

one side. In the first figure, blo«,d is flowing from the veins into 
the auricle, and thence through a valve into the ventricle. In 
the second figure, the ventricle is contracting and forcing the 
blood out through the artery, the valve to the auricle now being 
closed ; the diagram shows how the w^alls of the ventricle are 
much thicker than those of the auricle, a stronger compartment 
being needed for such a forcing action. On both sides of the 
heart blood flow s in, and is pumped out, in a similar fashion. 
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Circulation of the blood. Pig. 242 illustrates the way in 
which the blood circulates round the body ; the arteries are 
coloured red, and the veins blue. Freshly oxygenated blood 
from the lungs, bright scarlet in colour, flows through the 
pulmonary vein into the left auricle of the heart. It then passes 
into the left ventricle, and is pumped out through a large artery 
called the aorta. From the aorta it branches off to various 
arteries, which supply the different organs of the body with 
blood. Thus one branch goes to the capillary network in the 
intestines, another to that in the liver, and yet others to the 
capillary networks in the head and limbs. Through the walls 
of all these capillaries, nutriment and oxygen from the blood is 
passed to the various cells of the body, waste products and 
carbon dioxide being received back in exchange. In this way, 
the pure arterial blood is changed into impure venous blood, 
and leaves the various organs by veins which are marked blue 
in the diagram. The different veins join up to form the vena 
cava, which brings the impure blood back into the right auricle 
of the heart. Thence it flows into the right ventricles, and 
is pumped out through the pulmonary artery to the lungs to be 
freshly aerated again. 

An additional function of the blood flowing through the 
stomach and intestines is that of carrying the products of di- 
gestion, Which pass into it in that region, through the portal 
vein to the liver. The liver then extracts some of the nourish- 
ment in the form of carbohydrates, and stores it away in the 
form of glycogen for future use. The impure blood then leaves 
the liver by the hepatic vein, and passes on to join the vena 
cava. 

In the case of severe injuries where blood-vessels are severed, 
arterial blood can always be recognised by its bright red colour, 
and by the spurting wav in which it flows, each spurt corre- 
sponding to a beat of the heart. Venous blood, on the other 
hand, is darker in colour and flows more evenly. 

The beating of the heart corresponds to its pumping action, 
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and in normal adults this contraction takes place from seventy 
to eighty times a minute. At each beat, fresh blood is forced 
along the arteries, and the pulse that can be felt in the artery 
of the wrist is due to these successive impulses of blood through 
it. 

The corpuscles of the blood. When examined under a micro- 
scope, blood can be seen to contain enormous numbers of tiny 
particles called corpuscles (Fig. 243). The majority of them 
are red, but a few are white, 
the proportion being 500 to 1 
for a person in normal health. 

The two kinds of corpuscles 
have different work to do. 

It was seen in Chapter 
XVII that the red ones 
contain a red pigment called 
haemoglobin, which has the 
power of combining with the 
oxygei} it obtains in the 
lungs and carrying if through 
the body to give it up to the 
various cells and tissues ; it 
then receives the unwanted 
carbon dioxide and carries it 
back to the lungs. The more oxygen the haemoglobin contains, 
the brighter its colour ; hence the difference in colour of arterial 
and venous blood. 

The white corpuscles arc very similar to amoeba ; their work 
consists in fighting any bacteria that get into the blood stream 
by engulfing and destroying them. If the white corpuscles are 
numerous and active, a person may successfully resist the bac- 
teria of a disease, but if the w hite corpuscles do not maintain 
the mastery, illness may result. The pus of an abscess contains 
dead white corpuscles which have been overcome by invading 
microbes. 



Fra. 243. Blood Seen tinder the 
Microscope. 

(From n photograph 
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Lymph* The lymphatic system shown in Fig. 242 consists 
of an arrangement of vessels and capillaries containing lymph, 
a colourless fluid resembling blood, but containing no corpuscles. 
This fluid carries out the very important work of taking nutri- 
ment from the digestive products in the blood stream and con- 
veying it to cells and tissues in all parts of the body ; it then 
returns to the blood stream with waste products from the 
tissues ; these impurities then pass by the lymphatic ducts into 
the vena cava. Thus the lymph plays an important part in 
transferring nutriment from the blood to the cells of the 
body. 

The lungs* The importance of respiration for supplying all 
living organisms with energy has already been described on 
page 253. In human beings, the lungs supply the blood stream 
with the oxygen it needs for carrying on this important process. 
The two lungs are situated in the chest cavity, one on each side 
of the heart, the ribs serving as a protection to them (Fig. 244). 
Air entering by the mouth and nose passes through the wind- 
pipe or trachea, to two main tubes called bronchi, ami these each 
pass to a lung. Each bronchus on entering the lung divides up 
into numerous branching smaller tubes which end in tiny air 
sacs. A network of fjne capillary blood-vessels lines the air 
sacs, and oxygen can diffuse through the thin membrane separ- 
ating them from the blood stream, while carbon dioxide and 
water vapour can pass in the opposite direction back into the 
lungs. Expt. 25 showed that the air breathed out contained 
a larger proportion of carbon dioxide than that breathed in. 
When inspiration takes place blood in the capillaries of the 
lungs changes from dark venous blood to bright arterial blood, 
because it loses carbon dioxide, and gains fresh oxygen. 

The movement of the chest that is called breathing normally 
takes place about fifteen times a minute. The muscles causing 
the movement are those which raise the ribs, and a strong 
muscle, the diaphragm, which separates the chest cavity from 
the abdominal one and supports the bases of the two lungs. 



THE LUNGS 


335 



Fig. 244. Diagram to ‘•mow the relative positions or the 
Heart, Lungs and Ribs. 


When the diaphragm is depressed and the rib musoles are in 
action, the chest cavity is deepened and widened ; the lungs 
therefore expand, and air is drawn in. When the muscles 
relax, the chest and diaphragm fall back into their natural 
position and air is expired. ThU process goes on rhythmically 
and regularly so that the lungs, and, consequently the blood 
stream, are kept supplied with oxygen. 

Nutrition* In addition to respiration, nutrition is essential 
for the supplying of living organisms with energy. Human 
beings and other animals obtain nourishment by eating food, 
which is converted by the process of digestion into materials 
that can be absorbed into the blood stream. The various 
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organs of digestion are the mouth, the stomach and the small and 
large intestines (Fig. 245). The various kinds of foodstuffs that 
are essential for human nutrition were described on page 251 ; 
they consist of proteins, carbohydrates, fat and oils, mineral 
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salts and vitamins. A study of the various parts of the hunjan 
digestive system shows how these different substances are 
absorbed into the blood stream to supply the body with 
nutrition. 

The human digestive system* Fig. 245 shows the whole of 
the alimentary canal, that is, the tube through which food 
passes in the human body. At its upper end is the mouth, and 
this is connected by means of the oesophagus to the stomach ; the 
entry of food to the stomach is regulated by a muscular valve 
or sphincter muscle. At the other end of the stomach another 
sphincter controls the food passing through the duodenum to 
the small intestine. This consists of a coiled tube some twenty 
feet in length, along which the food is 
squeezed by the muscular contractions 
and movements of its walls (Fig. 24(1). 

During its passage through the mouth, 
stomach and the small intestines, most of h lG - 246 * Durham to 

SHOW HOW A PORTION OF 

the digestive process is completed, but partly diokstkd food is 
undigested food and water remain, and ^qukkzbd alono this In- 
these are passed on to the large intestine. 

There water is absorbed and the undigested food is expelled 
from the rectum, through the anus. 

Digestion* The digestive process begins in the mouth. 
Food is masticated by the teeth and moistened by the saliva, 
an alkaline liquid secreted by the glands under the tongue and 
on both sides of the jaw. In man, the saliva contains a ferment 
ptyalin, which converts insoluble starch food, like potatoes and 
bread, into sugar, a soluble substance which can be more readily 
absorbed. Thus digestion begins in the mouth with the changes 
produced in certain carbohydrates ; proteins and fats pass on 
to the stomach and small intestine before undergoing any di- 
gestive action. 

In the stomach more digestive glands secrete the gastric juice, 
an acid liquid containing two ferments, renin and pepsin* Pepsin 
acts on protein foods like meat and eggs, and converts them into 
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soljible substance called peptones. Renin curdles milk, etc. 
The muscles of the stomach produce a churning motion on the 
food within it, and some of the peptones and sugars pass into 
the blood stream by the capillaries lining the stomach, while 
the rest of the food passes on in the form of a churned-up soupy 
substance called chyme. 

The duodenum is the upper part of the small intestine, and 
as the chyme passes through it, it receives more important di- 
gestive juices, bile from the liver and pancreatic juice from the 
pancreas. The bile acts on fats and emulsifies them, while the 
pancreatic juice contains feiments which change the rest of the 
starchy substances into sugar, decompose and emulsify fats, 
and convert proteins into peptones. In addition, an intestinal 
juice from the walls of the intestine helps to complete the work 
of digestion. By the time the chyme is half-way through the 
coils of the small intestine, it has been changed into a soluble 
form in which it can pass through the lining of the intestine to 
the capillary blood-vessels. It is therefore in the last half of 
the small intestine that most of the absorption of nutriment 
into the blood stream takes place ; only a relatively small 
amount of absorption occurs in the stomach. 

In the large i rites tine/any nourishment remaining is absorbed 
together with a large quantity of water. The undigested sub- 
stances are then discharged at the anus in the form of faeces. 

Excretion. The processes of respiration and nutrition, 
which are so essential to the life of man, lead to the formation 
of waste products, which must be excreted from the system, if 
health is to be maintained. These excretions are in the form 
of solids, liquids and gases. The removal of waste solid matter 
from the rectum has been described in the previous paragraph ; 
the removal of waste liquids is achieved by the skin and kidneys, 
and that of gaseous products by the expulsion of water vapour 
and carbon dioxide from the lungs during expiration. 

The kidneys. The two kidneys lie one on each side of the 
spinal oolumn in the upper part of the abdominal cavity. They 
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act as filters to all the blood passing round the body and remoye 
from it various impurities, the chief of which is the nitrogenous 
waste matter, urea ; this dissolved in w T ater constitutes the 
urine. The structure of the kidneys can best be understood by 
studying those of a sheep, although human kidneys are a good 
deal larger and are about 4J inches in length. 

Expt. 99. Examination of a sheep's kidneys. Notice the 
shape of the kidneys and the protective layer of fat that sur- 
rounds them. Cut one in two longitudinally, and observe the 
collecting tubes arranged round the inner part of the kidney and 
which join up to a main collecting tube. Notice that the outer 
part of the kidney is redder, owing to the presence of more blood 
vessels. 


In addition to the tubes visible in the sheep’s kidneys 
numbers of minute ones are also present, and these join up 


to form the larger visible tubes. J 
there are eight to twelve of these 
collecting tubes, which join up to 
the m$in exit tube, the ureter. 
The waste fluid that collects in 
the tubes and passages to the 
ureter has been filtered from the 
blood stream by the capillaries at 
the ends of the tubes. It then 
passes as urine from the two 
kidneys down the two ureters to 
the bladder. There is collects 
until it is expelled from the body. 

The skin. The kidneys and 
the skin work together in ex- 
creting waste liquid from the 
body. When the weather is cold 


the human kidney (Fig. 247} 



Fig. 2\1. A Human Kidney. 


there is little perspiration, and the kidneys excrete more urine ; 


when it is hot the skin gives off’ more moisture, and the kidneys 


excrete less urine. 
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The sweat glands of the skin consist of tiny coiled tubes con- 
nected to the surface by short straight tubes (f ig. 2^*, b). There 
is a capillary network of blood-vessels round each gland (Fig. 
248, a), and waste products from the blood stream, in the form 
of water and salt, pass into the coiled tube and so reach the 
surface of the skin. There the moisture either evaporates or 
appears ak beads of perspiration. 

State hygiene* The importance of hygiene, that is, of keeping 
the body in good health, is being increasingly recognized in the 
world to-day, and governments, as well as individuals, are 
interested in trying to ensure a high standard of physical fitness 
amongst the population. Thus the state has concerned itself 
with certain measures for promoting public health by forming a 
Ministry of Health which acts through the Medical Officer of 
Health of each borough. This M.O.H. has, under his control, 
clinics for the care of mothers and children and for the super- 
vision of the health of school children. He is also responsible 
for the purity of the water-supply and of the milk sold in his 
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borougn. Housing conditions are another of his concerns ; fye 
advises the local government on such matters as the disposal 
of sewage, the provision of public wash-houses, and plans for 
slum-clearance. He also has powers to prevent the pollution of 
the air by fumes, and of rivers by chemicals, resulting from 
manufacturing processes. 

When infectious diseases occur, certain of them, as, for 
example, scarlet fever and diphtheria, must be notified to the 
local Medical Officer of Health, so that he may take measures to 
prevent their spreading. He may order that members of the 
family of the patient should not attend school, but be kept in 
quarantine for varying periods, and the patient may be removed 
to an isolation hospital. In the case of tuberculosis, a sufferer 
may be sent to a sanitorium if home conditions demand it. 
Sometimes infectious diseases can be checked by particular 
preventative methods ; for instance, smallpox, which was once 
very widespread in this country, has been almost eliminated 
by vaccination. 

Persqnal hygiene, It was seen on page 285 that many diseases 
are due to the invasion of the body by harmful disease-pro- 
ducing bacteria, and the best way of combating such infection 
is by preventative methods ; the old maxim that “ Prevention 
is better than cure ” is a sound one. The surest method of 
preventing bacterial disease is by maintaining the body in such 
a state of good health that bacteria are unable to obtain a hold 
on the human system. This is best achieved by means of 
attention to : (1) personal cleanliness, (2) keeping the body fit by 
outdoor exercise, fresh air and sunshine, (3) using antiseptics 
when infection may occur, as, for example, by applying iodine 
to a cut or abrasion. Tn addition to fresh air and sunshine, the 
human body also needs to be supplied with suitable clothing 
and suitable food ; the question of diet and vitamins has al- 
ready been discussed on page 252. 

Conclusion. Both personal hygiene and State hygiene 
aim at making the human being as healthy and strong as 
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possible during his life on this earth. All the other scientific 
knowledge outlined in this book should help him to under- 
stand, and have mastery over, his environment, so that 
he can use all the resources of science to improve his com- 
munal life, and make himself a happy, healthy and useful 
citizen of the world. 



EXAMINATION QUESTIONS 


The questions subjoined have been selected, by kind permission 
of the authorities concerned, from recent papers set by : 

1. Oxford and Cambridge School Certificate (O.&O.S.C.) ; 

2. London General Schools (L.G.S.) ; 

3. Central Welsh Board School Certificate (C.W.B.S.C.) ; 

4. Oxford School Certificate (O.S.C.) ; 

5. Cambridge School Certificate (C.S.C.). 

FUNDAMENTAL PRINCIPLES 

1. How do you think the solar system may have been formed ? 

(O.&C.S.C.) 

2. ©efine the centre of gravity of a body. The centre of gra vity of a 
boxwood metre scale, which has some holes bored in it, is at the 49 
cm. mark. Being supplied with a 50-gram weight, and using the 
scale as a lever, describe how you can determine its weight. 

Give an example in illustration, if this weight is found to be 100 
grams. • (L.G.S.) 

3. State the principle of the action of a simple pulley. Explain, 

with the aid of diagrams, how pulleys can be used to open and close 
curtains. (L.G.S). 

4. When is a force said to do work ? How is this w r ork measured ? 

A man, whose weight is 100 lb., walks 100 yards uj) a hill, which 

rises 1 foot in every J 2 feet of its length. What amount of work lias 
he done against gravity \ 

If he walks up the hill at the rate of 3 miles an hour, at what 
average horse-power is he working against gravity ? (O.W.li.S.C.) 

5. The sides of a triangular sheet of brass are 0, 8 and 10 cms. 

respectively and it is of uniform .thickness (1 millimetre). If the 
density of the metal is 8-5 grams per c.c., show that its mass is 20 
grams. (L.G.S . ) 
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§. State the principle of Archimedes, and describe how you Would 
verify it by experiment. 

A hollow stopper, made of glass of sp. gr. 2*5, weighs 40 grams in 
air, but appears to weigh only 17 grams when totally immersed in 
water. What is the volume occupied by the cavity in the stopper ? 

(C.W.B.S.C.) 

7. How would you make a simple instrument to measure the 

pressure of the air ? In what respects would your instrument differ 
from the accurate one in the laboratory ? Explain how you would 
take an accurate reading of the pressure of the air. (O.S.C.) 

HEAT 

8. What apparatus would you use, and how would you proceed, to 

ascertain whether or not the fixed points on a Fahrenheit mercurial 
thermometer were correctly marked ? (O.S.C.) 

9. Describe the construction of a clinical thermometer, and 
explain how it is sot. 

The normal body temperature is 98-4° F. What would this tem- 
perature be on the centigrade scale ? (C.W.B.S.C.) 

10. What is meant by the “ specific heat ” of a substance ? How 

would you determine the specific heat of lead ? Show he,w you 
would calculate the result from your observations. (O.S.C.) 

11. Either What is the British Thermal Unit? A therm - 
100,000 b.tii.u. What is nfie cost of heating the water for a 50 gallon 
bath from 40° F. to 80° F. with gas at 10r/. per therm ? 1 gallon of 
water -= lo'lb. 

Or Define the thermal capacity of a body. A lump of metal weigh- 
ing 500 gm. is heated to 100° C. and then dropped into 800 gin. of water 
at 15° C. The temperature rises to 20° C. Find the thermal capacity 
of the lump of metal and the specific heat of the metal. (C.S.C.) 

12. Explain the following : 

(a) An open fire is a good aid to the ventilation of a room. 

(h) A glass stopper which has become fixed in the neck of a 
bottle can often be released by warming the neck gently. 

(c) Steam causes more severe burns than water at the same 
temperature. 

(d) The dentist warms his small mirror before putting it in 

the patient’s mouth. (C.W.B.S.C.) 
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13. Name the instruments suitable for measuring the following 
and with the aid of sketches describe two of them, explaining how 
they are used : 

(a) The lowest night temperature of a greenhouse. 

(b) the weight of a lump of lead, 

(r) the pressure of the atmosphere, 

(d) the rainfall. (C.S.C.) 

14. Glaciers arc sometimes described as £k rivers of ice.” Discuss 
this description. 

What evidence is there that glaciers once travelled over districts 
where they are not now found ? (C.W.B.S.C.) 

15. What is meant by the ” relative humidity ” of the air ? How 

would you find the relative humidity on a given day ? (O.S.C.) 

16. Explain the reasons for the following : 

(a) Winds blow out wards from the centre of a region under the in- 
fiuenoe of an anticyclone and inwards to the centre of a cyclonic area. 

(b) At a seaside place the climate tends to be more equable 

than inland. (O.S.C.) 

1 7. Describe a system of heating a building by hot-water. Include 
a sketch of the essential parts showing clearly the course taken by 
the water. 

Explain carefully the various methods of heat transmission in- 
volved in the passage of heat from the boiler fire to a person in one 
of the rooms. (C.S.O.) 

18. What changes in the air of a room cause it to become kt stuffy ” ? 

In what ways are they harmful to health ? ‘ (C.S.C.) 

19. Describe the construction of a modern gas fire, showing how 

the products of combustion are removed and any arrangement in- 
tended to assist ventilation. By what process does heat from such a 
stove reach the occupants of a room ? Name any dangerous com- 
bustion product which may be formed, and state the conditions which 
may cause its formation. (C.S.C ) 

20. Explain as fully and clearly as you can any two of the following: 

(u) the bursting of water-pipes in frosty weather ; 

(b) the part played by a fire place and chimney in the ventilation 
of a room ; 

(c) the fact that in fine warn? weather black clothes are 
“ hotter ” than white ones of similar weight and thickness. (O.S.C.) 
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$ 21 . Explain the following : 

(a) Wet clothes feel cold to the body. 

(b) A pendulum clock generally “ loses ” in hot weather. 

(c) White clothes are usually worn in the tropics. 

(d) A lead bullet, travelling at a high speed, will often melt 

when it strikes an iron target. (C.W.B.S.C.) 

SOUND AND LIGHT 

22. What reasons are there for thinking that sound consists of a 

wave motion propagated through the air ? (O.&C.S.C.) 

23. Explain the production of an echo. 

How can this principle be used, during a fog, to estimate the 
distance of a ship from the shore if the latter is bounded by high 
cliffs ? (L.G.S.) 

24. Explain what is meant by the refraction of light. 

A beam of sunlight falls obliquely on a thick plate of glass and then 
upon the fact* of a thin wedge-shaped prism. Draw a rough diagram 
illustrating the path of the sunbeam successively through the plate 
and prism. ^ (0 &0.S.C.) 

25. Give an account of an experiment which you have performed 
or witnessed relating to refraction of light. 

State clearly what you learnt from the experiment. (L.C.S.) 

26. ‘‘ The eye is like a camera/’ To what extent is this analogy 

true, and in what respects does the eye differ in principle from a 
camera '( (O.&C.K.C.) 

27. Explain the following observations : 

(a) It is much more painful to drink a hot liquid out of an 
aluminium cup than out of a porcelain cup. 

(b) Sound usually travels farther over a lake than over the 
open countryside. 

(c) Short-sighted people are able to see things clearly at a 
much smaller distance from the eye than those with normal vision. 

(O.&C.S.C,) 

28. State in each of the following cases whether the image is real 
or virtual, magnified or diminished , erect or inverted : 

(a) one's hand seen in a plane mirror, 
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(b) an insect viewed through a magnifying glass, 

(c) a penny at the bottom of a bowl of water, 

(d) a house, as seen on the ground glass screen of a camera. 

Draw diagrams showing how the images are seen in two of the eases. 

'C.8.C.) 

29. Describe two experiments illustrating the nature of aa hite light. 

Explain the difference in appearance between («) white bodies, 

(b) black bodies, (c) blue bodies, (d) blue bodies illuminated by 
yellow light. (0.&C.8.C.) 

30. Explain three, of the following : 

(и) A straight stick dipping into water at an angle of 30° 
to the vertical appears bent. Show in a diagram how it seems to be 
bent. 

(b) When the image of a- candle flame in a thick plate glass 
mirror is observed it is possible to see a number of fainter images, one 
in front and the others behind the main image. 

(c) A flower which appears bluish purple in daylight appears 
red in an artificial light which is deficient in blue. 

(d) When a cloud passes in front of the sun one feels colder 
immediately although the temperature of the air is unchanged. 

(e) A* sound travels farther along the ground with a follow- 
ing wind than against a head wind. 

(/) Curtains and other soft materials are often hung in a hall 
to improve its acoustics. 

(g) Bar magnets are stored in pairs with two soft iron keepers. 

(к) The iron retort stands in a laboratory are often found to 
be magnetised. Which pole is found at the top of the stand ? 

(/) A 40- watt gas-filled lamp gives more light than a 40- 
watt metal-filament (vacuum) lamp and its filament is smaller. 

(C.8.C.) 


MAGNETISM AND ELECTRICITY 

31 . Explain the difference between the magnetic properties of steel 
and those of soft iron. Which substance would be the more suitable 
in the construction of (a) a compass needle, (b) the armature of a 
dynamo, (c) an electromagnetic hoist or crane ? Give reasons for 
your answers. (O.&C.S.C.) 
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32. Describe two simple experiments, which you have seen or 
performed, to illustrate the production of induced currents. 

Explain any om application of current induction in everyday life. 

(C.W.B.S.C.) 

33. Describe and explain the principle of two of the following : 

(а) A maximum and minimum thermometer or a Thermos flask. 

(б) A common pump. 

(c) A convex mirror used as a driving mirror on a car. 

(< d ) An electric bell. (C.S.C.) 

34. Describe hygienic methods of removing dust and dirt from 

carpets and upholstery. Explain the scientific principle underlying 
the construction of the apparatus used. (L.G.S.) 

35. Describe two experiments illustrating electromagnetic in- 

duction. Explain how it is applied in a, dynamo to convert mechani- 
cal energy into electrical energy. (O.&C.S.C.) 

36. Describe the construction, and explain the action, of (a) an 

electric bell, (b) a telephone receiver. (C.W.B.S.C.) 

37. Answer throe, of the following : 

(a) Milk can be kept cool in hot weather by placing a bottle 
of it under a cover made of porous pot which has been soaked in 
water. Explain the principle involved. 

(b) A room is lighted by a 700 watt lamp, the mains being 
at 200 volts. Switching on a 3 kilowatt radiator dims the lamp. 
Why is this ( How could the dimming be avoided ? 

(c) Three flowers are placed in a stand ; you are told that 

their colours are white, yellow, red. You are asked to identify them 
by inspection, first in yellow light and then in red light ; what 
changes in appearance will assist you ? (C.S.C.) 

38. What is meant by electrolysis ? Describe the electrolysis of a 

solution of copper sulphate with copper electrodes. Mention two 
practical applications of electrolysis. (O.&C.S.C.) 

39. Give an account of the process of electro-plating. (O.&C.S.C.) 

40. State and explain what is seen to happen wdien an electric 
current is passed through : 

(a) A very thin wire, 
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(b) A solution of copper sulphate between platinum plates, 

(c) A long wire held near to a coinpass needle. 

Describe any application in everyday life of one of these three 
results. (C.W.B.S.C.) 

41. Answer either (a) or (/;) : 

(a) “ Repulsion is the only true test of electrification.” Explain 
what is meant by this statement and describe a simple experiment- 
in illustration of it. 

{b) Describe carefully how you could magnetise a steel knitting 
needle AB so that the end A may become N. seeking. 

State what new properties the needle possesses after it has been 
magnetised. (L.G.S.) 

CHEMISTRY 

42. Describe experiments, which you either have seen or have 

carried out, to ascertain the conditions under which iron rusts. How 
would you change the iron rust back into iron ? Sketch the apparatus 
which you would use. (C.W.B.S.C.) 

43. ( wive the approximate composition of ordinary air. Explain 
the differences you would expect to find between the normal com- 
positiorf of air and that of the air of (a) a stuffy room, (b) a coal mine. 

(O.&C.S.C.) 

44. Name three important constituents of the atmosphere. 

Describe the part played by any one of them in the lives of plants 
and animals. t (O.S.C.) 

45. How is carbon dioxide prepared ? Mention any uses for which 

this substance is produced ■ ommercially on the large scale. Indicate 
briefly its importance in relation to vegetable life. (O.S.C.) 

46. How would you show that : 

(a) water is a compound of hydrogen and oxygen ; 

(b) when a candle burns in air, water is produced ; 

(c) air contains a gas or gases other than oxygen '< 

(C.W.B.S.C.) 

47. Describe an experiment by which the composition of water by 
weight can be determined. 

Point out the precautions necessary in carrying out this experi- 
ment. (L.G.S.) 
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48. Explain the effect of “ hard ” water on soap. Describe how 
natural waters become hard and explain how they may be softened. 

(O.S.C.) 

49. Give an account of one household method of softening each of 
the following, stating clearly the chemical reactions which take place: 

(a) temporarily hard water ; 

(b) permanently hard water. 

Explain why hard water to which soap has been added becomes 
turbid. (O.S.C.) 

50. What is meant by hard ’* and “ soft " water ? How' would 

you determine which of two samples was the harder ? What kind of 
water is likely to damage a boiler, and why ? (O.S.C.) 

51. Describe experiments which you yourself would perform to 
show two of the following. Give one experiment with a diagram in 
each case. 

(a) When dry hydrogen burns in air water is formed. 

(b) When hydrogen chloride is oxidised chlorine is formed. 

(c) The production of nitrogen from the air. 

(d) That hydrogen is a reducing agent. » (O.S.C.) 

52. Explain the use of washing soda in each of the following cases : 

(a) in the laundry, (b) in the kitchen for cleaning purposes, (r) in a 
chemical fire-extinguisher^ (L.G.S.) 

53. State a distinguishing chemical property of a metal and a non- 
metal respectively. Illustrate your answer by reference to iron and 
sulphur. 

Describe two chemical compounds which contain only these two 
elements. 

Do you consider that graphite is a metal or a non-metal l Give 
your reasons. (L.G.S.) 

54. Answer either (a) or (b ) | 

(a) V>y what physical and chemical tests can you identify 
the metal copper ? Name two uses of copper in everyday life and 
describe one of its chemical compounds. 

(b) What is the chemical nature of the substance commonly 

known as black lead ? Give experimental e\ idence in support of your 
answer. State three important uses of this substance. (L.G.S.) 
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55. Describe the experiments, one in each case, which you would 

make to distinguish between : • 

(a) nitrogen and carbon dioxide ; 

(b) washing soda and baking soda, both being in a powdered 
form ; 

(c) quicklime and chalk ; 

(d) powdered coal and powdered coke. (C.W.B.S.C.) 

56. Either , (a) Write an account of the importance, in nature, of 
the solvent action of water. 

Or, (b) Discuss the relative advantages, as fuels, of coal and coal- 
gas. (0.8.0.) 

57. Explain what happens (a) when ordinary coal is burnt m an 

open grate, (b) when it is burnt with a restricted supply of air, and 
(r) when it is heated in a closed retort. In each ease what differences 
would be observed between anthracite and soft, coal ? (O.&O.S.C.) 

58. What are the chemical reactions that occur in (a) a blast fur- 
nace, and (b) a lime kiln l Give equations. (O.&C.S.C.) 

59. Write dow n the names and formulae of two substances in each 
of the following classes : Acids, bases and salts. 

Describe in detail how you eoukl prepare a salt from an acid and a 
base wlftcli you have selected. (L.G.8.) 

60. What are salts ? Describe three ways of preparing salts, 

giving an example in each cast*. (O.8.C.) 

61. What are the reasons for considering that (a) sulphur is a non- 

metal, (b) lead is a metal, (r) carbon dioxide is a compound, (d) 
sulphuric acid is an acid, (r) caustic soda is an alkali t (O.S.C ) 

62. How would you prepare chlorine in the laboratory ? (Jive the 

equation for the reaction. Describe the physical properties of 
chlorine, and explain any one of its < ommon uses. (O.&O.S.C.) 

63. Explain the importance of niirogen in relation to life, and give 
a short account of the ‘ nitrogen cycle ” in nature. (O.&C.S.C.) 

64. For what reason does a farmer work on a “ rotation ” of 

crops ? Give an example of a rotation to include a bare fallow, and 
explain its use. (O.S.C.) 

65. Explain the use of lime (a) in building, (b) as a water-softener, 

and (c) as an application to the soil. (O.&C.S.C.) 
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< BIOLOGY 

66. Enumerate the various characteristics of living organisms. 

Illustrate these characteristics by reference to (a) typical animals, 
(b) typical plants. (C.S.C.) 

67. What are the differences between animals and plants ? 

(O.&C.S.C.) 

68. What effect do green plants have upon the atmosphere ? 

Describe two experiments which you could do to illustrate your 
answer. (O.S.C.) 

69. Show in detail how you could isolate some oxygen from the 

atmosphere. Write a brief account of the relation of atmospheric 
oxygen to the life of plants. (O.S.C.) 

70. What are the normal requirements of the leaf for the manu- 

facture of starch l Carefully describe one experiment showing c learly 
what happens in the absence of one, of these requirements. What 
control experiment would you perform? (C.S.C.) 

71. What are the most abundant food substances in (1) meat, (2) 

butter, and (3) bread ; and how are these substances changed by 
digestion ( •> (O.&C.S.C.) 

* 72. What is respiration, and how is it carried out in animals and 

plants respectively ? (O.&C.S.C.) 

73. Explain the terms Asexual, sexual, and vegetative, as applied 
to reproduction in plants, and give one example of each . 

(C.W.B.SC.) 

74. What conditions are essential for the healthy germination of 
seeds ? Describe one experiment to illustrate each condition named. 

(O.S.C.) 

75. Describe a typical bean seed. Explain what happens when 

the seed germinates. (C.W.B.S.C.) 

76. Describe and illustrate by a series of dra wings the stages in the 

germination of any om seed. Explain how the seedling obtains Its 
food during the early stages of germination. (O.S.C.) 

77. Describe the structure of the stem of a plant and say what the 
various parts of the stem are used for in the life of the plant. 

(O.&C.S.C.) 
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78. Of what value to a plant is its flower ? Illustrate your answer 

by reference to the detailed structure of one named flower and to he 
functions of its various parts. (C.S.C.) 

79. For what purposes do plants store food ? Mention the various 

parts used by plants for such storage, in the ease of each part giving 
an example and making a sketch. (O.S.C.) 

80. Name the structures which are essential to reproduction in 

animals. Compare the method of reproduction in Hydra and in any 
vertebrate animal . ( L.G .S . ) 

81. Describe with the aid of drawings (a) the external features, (b) 

the modes of locomotion of an earthworm and of any one named 
insect. (C.S.C.) 

82. Write an account of the life-history and habits of some in- 
vertebrate animal with which you are familiar. (O.S.C.) 

83. Draw the young stage of a fly. How does it turn into the 

adult insect ? (O.&C.S.C.) 

84. Name three different kinds of insects which are of economic 
importance, and in each case give reasons for considering the insect 
economically important. Explain with the aid of outline drawings 
how you would identify one of these insects in the adult stage. 

(C.S.C.) 

85. Compare («) a tadpole with a caterpillar, (b) a frog with a 

butterfly. (O.S.C.) 

86. Describe some animal with which you are familiar (other than 

a frog, toad, butterfly, or moth), and point out the ways in r which it is 
particularly adapted for its mode of life. (O.S.C.) 

87. Give a careful accoi* it w ith illustrative drawings of the exter- 
nal appearance of one named fish. Briefly explain (a) how the fish 
obtains oxygen, (b) how it is able to swim, (c) how it feeds. (C.S.C.) 

88. Draw a diagram of a typical iimb of a land-living vertebrate 

animal. What departures are there from this type ? (O.&C.S.C.) 

99. On what grounds would you classify a fish, a frog, and a snake 
in different groups ? Describe the structure of one of these animals. 

(O.S.C.) 

90 To what extent do (a) plants depend upon animals, (b) animals 
depend upon plants, (c) animals depend upon animals for their 
nutrition ? Give definite examples. (C.S.C.) 
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91. Make drawings to show the appearance and relative positions 

of*the following organs as seen in a dissection of a frog : stomach, 
heart, kidneys, fat body, ovaries (or testes). What is the main 
function of the kidneys ? (C.S.C.) 

92. Explain the meaning of four of the following terms : (1) 

Antenna, (2) Cotyledon, (3) Fertilization of an egg, (4) Nectar, (5) 
Pepsin, (b) Stoma, (7) Testis. (O.&C.S.C.) 

PHYSIOLOGY 

93. Show, by means of a drawing, the bones of the human 
shoulder and arm, and the mode of action of the biceps muscle. 

(O.&C.S.C.) 

94. Show, by means of a rough labelled diagram, the principal 
parts of which the human nervous system is made up, indicating 
how these parts are connected. 

Explain the functions of motor and sensory nerves. (C.W.B.S.C.) 

95. Give an account of the functions of the red and the white 
blood corpuscles. What other functions does the blood perform ? 

(C.S.C.) 

96. What is meant by the digestion of food ? Give a general 
account of the changes that food materials undergo during digestion. 

(C.S.C.) 

97. In what way do bacteria cause disease, and how can the 
attacks of bacteria be checked or prevented l . (O.&C.S.C.) 

98. Exflain various ways in which diseases may spread in untidy 
and unclean places. What steps can a householder take to help in 
maintaining the health of the community in which he lives i (C.S.C.) 
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Central heating, 81 
Chalazae, 319 

Changes, physical and chemical, 162 

Chlorine, 236 

Chlorophyll, 240 

Chloroplasts, 248 

Chrysalis, 303 

Chyme, 338 

Cilia, 317 

Cinema, 109 

Circulation of blood, 332 

Clays, 225 

Clocks, 16 

Clouds, 188 

Coal, 217 

Coal-gas, 218 
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Colour, 111 : by artificial light, 113 ; 
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Comets, 4 
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Compound, 143, 161 ; formulae of, 
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Conduction, of heat, 74 
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Convection, in air, 73 ; in water, 71 

Copernicus, 1 
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Corpuscles, of blood, 333 
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Crop, 322 
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Darwin, Charles, 258 
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Egg, 245 ; of fowl, 319 
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Elaters, 287 
Electric power, 135 
Electrodes, 144 
Electrolysis, 144 
Electrolyte, 144 
Electrons, 157 
Electroplating, 144 
Electroscope, gold leaf, 150 ; pith- 
ball, 149 

Electrostatic induction, 151 
Electro -typing, 146 
Element, 143, 161, 205 
Embryo, 256, 318 
Emulsion, 168 

Endosperm, 262 * • 

Energy, forms of, 31 ; heat as, 50 
Environment, 256 
Equations, chemical, 209 
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Evaporation, cooling effect of, 65 ; 

of solution, 163 
Evolution, 257 
Excretion, 254, 338 
Expansion, of solids, liquids and 
gases, 50, 51 
Eye, 107 

Fats, 245 

Femur, of frog, 315 ; of man, 324 

Fermentation, 255 

Ferns, 288 

Fertilisation, 256 

Filtrate, 163 

Fins, 309 

Fires, coal, 79 ; electric, 81 ; gas 
80 
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Fish, 308 ; bony fish, 310 ; dogfish, 
309 

Fission, 255 

Flagella, of bacteria, 285 ; of hydra, 
294 

Flotation, 39 
Flowers, 260 
Foot-candle, 87 

Force, 17 ; parallelogram of, 18 
Formulae, chemical, 208 
Fowl, 309 

Franklin, 149 

Friction, 28 ; electrification by, 148 ; 

rolling, 29 : sliding, 29 
Frog, 309, 311 
Fruits, 276 
Fuels, 217 
Fungi, 283 

Furnace, electric, 142 

Galactic Universe, 6 
Galileo, 3 
Galvanometer, 125 
Gametes, 256 
Gastric juice, 337 
Gay-Lussac, 208 
Gels, 168 
Germination, 263 
Gilbert, 148 
Gizzard, 322 
Glaciers, 02 
Glands, sweat, 340 
Glare, 94, 141 
Glass, 226 
Gravitation, 8 
Gravity, centre of, 19 

Haemoglobin, 254, 333 
Hardness of water, 198 
Heart, of frog, 316; of fowl, 321 ; 
of man, 331 

Heat, as energy, 50 ; latent heat, 65 ; 
measurement of, 58 ; specific heat, 
69 

Hepidoptera, 305 
Heredity, 267 
Hermaphrodite, 256 


Hibernation, 311 

Honey-bee, 301 * 

Horse-power, 28 
Hot-water system, 72 
House-fly, 299 

Humerus, of frog, 314 ; of man, 324 
Humidity, of air, in ventilation, 77 ; 

measurement of, 190 
Hydra, 293 

Hydrogen, 145 ; preparation and 
properties of, 193 
Hygiene, 340 
Hymenoptera, 304 
Hypermetropia, 110 
Hyphac, 283 

Image, in a plane mirror. 92 ; lateral 
inversion of, 93 ; formed by lenses, 
103 

Insects, 299 

Insulators, 128 ; experiment on, 150 
Intestines, of frog, 317 ; of fowl, 322 ; 

of man, 336 
Ions, 144 

Iron, m mixtures and compounds, 
162 ; rusting of, 174 ; smelting of, 
214 

Joints, ball and socket, 325 
Jupiter, 3 

Kaolin, 225 
Kidneys, 254, 339 
Kilogram, 13 

Laws, chemical, 206 
Leaves, 269. 

Lenses, 101 ; focal length of, 102 ; 

formation of images by, 103 
Lever, 22 
Ligaments, 323 

Light, intensity of, 86 ; nature of, 
83 ; rectilinear propagation of, 88 ; 
\ speed of, 85 
Light-years, 5 
Lime, 201, 223 
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Liver, of frog, 317 ; of fowl, 322 ; of 
ftum, 338 
Liverworts, 287 
Lodestone, 116 

Lungs, of frog, 316 ; of fowl, 322 ; 

of man, 334 
Lymph, 334 

Machines, 21 ; efficiency of, 31 ; 

mechanical advantage of, 31. 
Magnesium, burning of, 176 ; mag- 
nesium sulphate, 235 
Magnets, 116 ; electro -magnets, 121 ; 
magnetic field, 120 ; magnotic in- 
duction, 117 
Mammals, 308 
Mars, 3 
Mass, 10 

Matter, composition of, 143, 161 ; 
forms of, 33 ; indestructibility of, 
206 ; living and non-living, 243 ; 
nature of, 204 ; properties of, 33. 
Molting point, 60 ; variation with 
pressure, 61 
Mendel, Gregor, 259 
Mercury, 3 

Meridian, of observer, 13 ; geo- 
graphic, 118; magnetic, 118 
Metals, ores of, 212 ; properties of, 
211 f 
Metamorphosis, 300 
Meteor, 4 

Motre, electric, 136 
Micropyle, 260 
Milky Way, 6 
Mincer, 27 
Mirage, 100 
Mixtures, 161 
Molecule, 143, 206 
Moon, 9 
Mosquitoes, 301 
Mosses, 286 
Moths, 304 
Motor, electric, 127 
Muscle, 315, 325 
Mushroom, 283 
Myopia, 111 


Nebulae, 6 
Neon tubes, 157 
Neptune, 3 

Nervous system, of earthworm, 296 ; 

of frog, 315 ; of man, 326 
Newton, Sir Isaac, 7, 111 
Nitrates, 239, 241 

Nitrogen, 183 ; nitrogen cycle, 241 
Nodes, 267 

Nucleus, of atom, 204 ; of cell, 291 
Nutrition, 243, 251, 335 

Oesophagus, 337 

Ohm’s Law, 128 ; experiment on, 
137 

Oils, 221 

Organs, of plant, 260 
Organisms, 243 
Osmosis, 169 
Ovary, 273 
Ovum, 256 
Oxides, 181 

Oxygen, 145, 179, 209, 244, 333 

Pancreas, of frog, 317 j^of fowl, 322 ; 

of man, 338 * 

Paraffin, 221 
Peat, 217 

Pelvic girdle, of frog, 315 ; of man, 
324 

Pendulum, simple, 14 
Penumbra, 89 
Pepsin, 337 
Peptones, 338 
Perianth. 273 
Petrol, 221 

Phosphorus, burning of, 177 

Photography, 106 ; infra-red, 114 

Photosynthesis, 248 

Planets, 3 

Plunsoll line, 40 

Plumule, 262 

Pluto, 3 

Pole-star, 5 

Pollen, 256, 273 

Pollination, 274 

Potato, 269 
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Potential, electric, 152 
Pound, Imperial Standard avoirdu- 
pois, 13 

Pressure, m liquids, 41 ; of air, 44 

Prisms, refraction of light by, 101 

Proteins, 245 

Protococcus, 279 

Pi otoplasm, 245 

Pro vent icuIus, 322 

Pseudopodia, 291 

Pteridophyta, 278 

Ptjalin, 337 

Pul lev, 27 

Pump, common, 48 

Pupae, 300 

Radiation, of heat, 69 
Radicle, 262 
Radio-ulna, of frog, 314 
Radius, 324 
Rainbow, 115 
Re< turn, 337 

Reflection, of light and sound, 90; 
r ldws of, 92 , diffused, 93 ; total, 99 
Redaction, of light, 97; index of, 
98 » 

Refrigerator, 66 
Renin, 337 

Reproduction, 244, 255 
Reptiles, 308 

Resistance, electric, 128 ; experi- 
ment on, 137 

Respiration, 243 ; m animals, 253 ; 

in plants, 250 
Rhizomes, 268 
Rigidity, 34 
Rontgen, 158 
Root-hair, 169, 246 
Root pressure, 247 
Roots, 264 

R listing, of iron, 174 ; prevention of, 
182 

Saliva, 337 
Salt, common, 234 
Sand, 226 
Saturn, 3 


Scapulae, of frog, 314 ; ot man, 324 
Sea -anemones, 295 • 

Sea- weed, 282 

Seeds, 260 ; dispersal of, 277 

Setae, 297 

Shadows, 88 

Shooting star, 4 

Silica, 226 

Silkworm, 306 

Sinovial fluid, 324 

Siphon, 49 

Skeleton, of fish, 310 ; of frog, 314; 

of fowl, 321 ; of man, 324 
Soap, 233 

Soda, caustic, 232 ; washing, 164, 200 
Solar system, 3 
Solute, 163 

Solution, 163; colloidal, 168; se- 
paration by, 165 
Solvent, 163 

Sound, nature of, 83 ; intensity of, 
86 ; speed of, 85 
Specific gravity, 36 
Spectaclos, 110 
Spectium, 111 
Sperm, 245 
t Sphincter, 337 
Spinal cord, 307, 329 
Spirogyra, 278, 279, 281 
Spores, 283 
Spung balance, 12 
Stability, 21 
Stalactites, 203 
Stalagmites, 203 
Stamens, 273 

Starch, solubility of, 164 ; as carbo- 
hydrate, 248 
Stars, 4 
Stem, 267 

Sternum, of frog, 314 ; of fowl, 321 ; 

of man, 324 
Stigma, 273 
Stomata, 247 
Sugar, 248 

Sulphur, in mixtures and compounds, 
162 ; compounds in coal gas, 219 
Surface tension, 171 
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Suspension, of particles in solution, 
w 163; a suspension, 168 
Symbols, chemical, 207 

Tadpole, 313 
Telephone, 123 

Temperature, definition of, 67 

Tendons, 325 

Testa, 260 

Testis, 295 

Thallophyta, 278 

Thermometers, 52 ; clinical, 53 ; 
fixed points of, 53 ; maximum and 
minimum, 54 ; wot and dry bulb, 
19J 

Thunderstorms, 85, 153 
Tibio -fibula, of frog, 315 
Tides, 8 

Tobin Tube, air inlet, 78 
Tracheae, 300, 334 
Transpiration, 247 
Tropisin, 257 

Ulna, 324 
Umbra, 89 
Uranus, 3 
Ureter, 339 
Urine, 255, 339 

Vaccine tion, 341 


Vacuum cleaner, 127 
Variations, 258 
Veins, 330, 332 
Ventilation, 75 
Ventricle, 316, 321, 330 
Venus, 3 

Vertebrae, of frog, 314 ; of man, 324 
Vertebrates, 290, 307 ; development 
of, 322 

Vitamins, 252, 337 
Wallflower, 275 

Water, composition of, 195 ; freezing 
and boiling points, 52 ; formula of, 
209 ; hardness of, 198 ; maximum 
density of, 55 ; natural waters, 
197 ; properties of, 192 
Water softeners, 202 
Water-supply, principle of, 43, 340 
Watts, 134 
Weather, 46 
Weight, 11 
Wheal, 260 
Winch, 26 
Work, 2 3 

X-rays, 158 

Zygote, 256 
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